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2. APPLICABILITY

This manual is for instructional purposes only.

ot
Major, U. S. Marine

Acting Deputy Director




MCI-R241-NRL

INFORMATION
FOR

MCI STUDENTS

Welcome to the Marine Corps Institute training program. Your interest in
self-improvement ond increased professional competence is commendable.

Information is provided below to assist you in completing the course.
Please read this guidance before proceeding with your studies.

1. MATERIALS

Check your course materials. You should have all tue materials listed in
the "Course Introduction.” 1In addition you should have an envelope to mail
your review lesson back to MCI! for grading unless your review lesson answer
sheet is of the self-mailing type. If your answer sheet is the pre-printed
type, check to see that your name, rank, and social security number are
correct. Check closely, your MCI records are kept on a computer and any
discrepancy in the above information may cause your subsequent activity to go
unrecorded. You may correct the information directly on the answer sheet. If
you did not receive all your materials, notify your training NCO. If you are
not attached to a Marine Corps unit, request them through the Hotline (autovon
288-4175 or commercial 202-433-4175).

2. LESSON SUBMISSION

The self-graded exercises contained in your course are not to be returned
to MCI. Only the completed review lesson answer sheet should be mailed to
MCI. The answer sheet is to be completed and mailed only after you have
finished all of the study units in the course booklet. The review lesson has
been designed to prepare you for the final examination.

It is important that you provide the required information at the bottom of
your review lesson answer sheet if it does not have your name and address
printed on it. In courses in which the work is submitted on blank paper or
printed forms, identify each sheet in the following manner:

DOE, John J. S3t 332-11-9999
08.4g, Forward Observation
Review Lesson

Military or office address
(RUC number, if available)

Submit your review lesson on the answer sheet and/or forms provided.
Complete all blocks and follow the directions on the answer sheet for
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to
interrupt your studies for any reason and find that you cannot complete your
course in one year, you may request a single six month extension by contacting
your training NCO, at least one month prior to your course completion deadline
date. If you are not attached to a Marine Corps unit you may make this
request by letter. Your commanding officer is notified monthly of your siatus
through the monthly Unit Activity Report. In the event of difficulty, contact
your training NCO or MC] immediately.




. MAIL-TIME OELAY

Presented below are the mail-time delays that you may experience between
the mailing of your review lesson and its return to you.

TURNARCUND MCI PROCESSING TOTAL NUMBER
MAIL TIME TIME DAYS
EAST COAST 16 5 3
WEST COAST 16 5 21
FPO NEW YORK 18 5 23
FPO SAN FRANCISCO 22 5 27

You may also -xperience a short delay in receiving your final examination
due to administrative screening required at MCI.

4. GRADING SYSTEM

LESSONS EXAMS
GRADE PERCENT MEAN ING GRADE PERCENT
A 94-100 EXCELLENT A 94-100
B 86-93 ABOVE AVERAGE B 86-93
C 78-85 AVERAGE C 78-85
D 70-77 BELOW AVERAGE n 65-77
NL BELOW 70 FAILING F BELOW 65

You will receive a percentage grade for your review lesson and for the
final examination. A review lesson which receives a score below 70 is given a
grade of NL (no lesson). It must be resubmitted and PASSED before you will
receive an examination. The grade attained on the final exam is your course
grade, unless you fail your first exam. Those who fail their first exam will
be sent an alternate exam in which the highest grade possible is 65%. Failure
of the alternate will result in failure of the course.

5. FINAL EXAMINATION

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination
will be mailed automatically to your commanding officer. 7The administration
of MCI final examinations must be supervised by a commissioned or warrant
officer or a staff NCO,

OTHER PERSONNEL: Your examination may be administered and supe:vised by
your supervisor,

6. COMPLETION CERTIFICATE

The completion certificate will be mailed to your commandirg officer and
your official records will be updated automatically. For non Marines, your
completion certificate is mailed to your supervisor.
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7. RESERVE RETIREMENT CREDITS

Reserve retirement credits are awarded to inactive duty personnel only.
Credits awarded for each course are listed in the “Course Introduction."
Credits are only awarded upon successful completion of the course. Reserve
retirement credits are not awarded for MCI study performed during drill
periods if credits are also awarded for drill attendance.

8. DISENROLLMENT

Only your commanding officer can request your disenrollment from an M(CI
course. However, an automatic disenrollment occurs if the course is not
completed (including the final exam) by the time you reach the CCD (course
completion deadline) or the ACCD (adjusted courue completion deadline) date.
This action will adversely affect the unit's completion rate.

9. ASSISTANCE

Consult your training NCO if you have questions concerning course
content. Should he/she be unable to assist you, MCI is ready to help you
whenever you need it. Please use the Student Course Content Assistance

Request Form (I1SD-1) attached to the end of your course booklet or call one of

the AUTOVON telephone numbers listed below for the appropriate course writer
section.

PERSONNEL/ADMINISTRATION 288-3259
COMMUNICATIONS /ELECTRONICS/AVIATION

NBC/ INTELLIGENCE 288-3604
INFANTRY 288-3611
ENGINEER/MOTOR TRANSPORT 288-2275
SUPPLY/FOOD SERVICES/FISCAL 288-2285

TANKS/ARTILLERY/INFANTRY WEAPONS REPAIR
LOGISTICS/EMBARKAT ION/MAINTENANCE MANAGEMENT/
ASSAULT AMPHIBIAN VEHICLES ~ 288-2290

For administrative problems use the UAR or call the MCI HOTLINE: 288-4175.

For commercial phone lines, use area code 202 and prefix 433 instead of




AUTOMOTIVE POWER TRAINS

Course Introduction

This manual has heen nrepared nrimarily for Marines in OF 35, It covers material
hasic to understandina the operation, maintenance. and troubleshooting of automotive Dower
trains and certain auxiliarv equipment. The princinles of automotive pnwer trains as
explained in this manua), however, will Drove beneficial to anvone interested in automotive
mechanics, reaardless of MOS, As an incentive for studv, the user of this manual s reminded
that “He who knows ﬂgg_uill alwavs find work but he will alwavs work for the man who knows
Why. "

AUTOMOTIVE POMER TRAINS is desiqned to provide vou with the basic knowledqe of the
construction, oneration, diaqnosis, maintenance. and repair of vehicle power train.

ADMINISTRATIVE INFORMATION

ORDER OF STUNIES

Studv Unit Studv
Number Hours Sublect Matter
1 3 Introductfon to hasic power trains
? 3 Clutch nrincinles and elements, clutch oberation,
twpes of clutches, and servicing and adjustments
3 3 Conventional transmissions, twes of transmission
qears, bhearings and lubricants, power takeoff units,
and servicing and repairs
4 3 Transfer assemblies, spring units, and servicing and
adjustments
3 k] Universal loints., proneller shafts, slip joints, and
seryicing and repailrs
A 3 Final drives, different{al assemblies, axle assemblies
? REVIEW LESSON
3 FINAL EXAMINATION
)
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RESERVE RETIREMENT
CREDITS: 8

EXAMINATION: Supervised final examinatinn without textbook or notes:
time 1imit, 3 hours.

MATERTALS: MC1 35.9f, Automotive Power Trains.,
Review lesson and answer sheet.

RETURN OF MATERTALS: Students whq successfully complete this course are permitted to keep
the course materials.

Students disenrolled for inactivity or at the request of their
commanding officer will return a1l course materials.
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SOURCE MATERIALS

™ 4-8NN0 Principles of Automotive Venicles, Jan 1488

™ 9.2320-211-10 Operator's manual, truck & ton AxA, Apr 1673

™ 0.23M.211.70 Orqanizational maintenance, truck 5 ton 6x6, Mar 19A3

™ §.232n-211.35 Field and depot maintenance, truck, chassie & ton 6x6, Sept 1964
™ 9.2371.211-34 Nirect and qeneral subport maintenance, truck utility 1/4 ton 4x4

M1S1, Jan 1972
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HOW TO TAKE THIS COURSE

This course contains six study units. Esch study unit begins with a general objective
which 1s 3 statement of what you should learn from that study unit. The study units are
divided into numbered work units, each presenting one or more specific objectives. Read the
objective(s) and then the work unit text. At the end of the work unit text are study
questions which you should be able to answer without referring to the text of the work unit.
After answering the questions, check your answers aqainst the correct ones listed at the end
of the stuuy unit. If you miss any of the questions, you should restudy the text of the work
unit until you understand the correct response. When you have mastered one study unit, move
on to the next. After you have completed all study units, complete the review lesson and take

it to vour training officer or NCO for malling to MCI. WMCI will mai) the final examination to
your training officer or NCO when you pass the review lesson.
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MARINE CORPS INSTITUTE

Welconie to the Marine Corps
Institute correspondence training pro-
gram. v enrolling in this course, you
have shown & desire to improve the
skills you need for effective job perfors
mance, and MC1 hag provided materials
to help vou achieve your goal, Now all
you need is to develop your ouwn method
far nging these materials 1o best advane
g,

, The tollowing guidelines present
a four-part apmoach ta completing vour
MCT courde successtully;

I. Make 8. 'reconnaissance’” of
yue materials;

2, PMan your study time and choose
a good study em lronmoen

3. Study thoruughly and system-
atically-

4, Prepare for the fimal evam,

I, VIAKE A THECONNAISSANCE” O
YOUHR MATERIMS

Begin with o luak at 1h¢ course
itraduction pages Read the COURST
INTRODU C1ION o get the “hig eture”
of the course, Tnen road the MATERIALS
section pear thy botiam af the puge o
Find out v hich testls) and siody aids vou
ghould have received with the cuurse,

I any of the iisted materials ace miss-
ing, sve lnfarmation fu MO Students
to find oot hos oo get them, I vou has ¢
evorvthing thut is Listed, vou are ready
10 "reconmudter’” vonar ACT conrse,

e theough the 1able{s) of cone
tent< o! vour fevigsh Nate the varions
gubiers cavered in the caurse and the o
ordet i hichothey are taughy,  FLoear
the vugh the teesrrgr ond Joaly gt e Jlngs-

MU-C6 <0C-H®

trations, Read a few work nnit ques-
tions to get an {dea of the types that are
asked, If MC] provider other siudy
aids, such as a slide rule or a plotting
hoard, ramiliarize yourself with them,
Nov, getl doun to specifics!

1I. PLAN YOUR STUDY TIME AND
CHOOSE A GOOD STI'DY ENVIRON-
MENT

From leaklng over the caurse
materials, vou should have some ides
of how much study yvou will need ta eome«
plete this course,  But “'some ldea’ {8
not enough.  You need tao work up a
personal study plan: the Mllowing steps
should give yoa sonie help,

@ Giet a calendar and mark thasc
davs of the week when you have thme
Mree rar study,  Two study periods per
week, each lasting 1 to 3 hours, are
suggoested for completing the minhmum
two sidy units required cach month hy
MO, OF cowrse, work and athey
schednles are not the same for evervane,
The Imiportant thing is that vou schedule
8 regular time for study an the same
davs of cach wich,

Read the caursge intraduction
page again,  The sectioromarked QORDIER
OF STUDIES 10]1s vot the number of
study amus in the cour se and the approne
tsae nunther of sindy hours you will
teenl o complete cach gtidy unit,  Dlog
Inese study hours intg vanr schedule,

For esanple. il vou g+t aside two 2- hour
stady preaols cach week and the ORDER
OF STUDES edrimates 2 stady hours lor
sour Hest study unit, von conld casily
schedute and complete the first sindy
umt i ane stady pepfod,  On your calen-
dar you would mark "Study Unit 1" on the
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appropriate day. Suppose that the
second study unit of your course re-
quires 3 study hours. In that case. you
would divide the study unit in halfl and
work on each half during a separaie
study period. You would merk your
calendar accordinglv. Indicate on your
calendar vxactly when you plan to work
ou each study unit for the entire course.
Do not forget to schedule ove or {wo
study periods to prepa:e for ihe final
exarm.

(©) stick to your sctiedule.

Besides planning your study
time, you should also choose a study
cnvironmeni that 18 right for You, Most
peoplr need a quiet place for study. like
a library or a reading Jounge; other
prople stady better where there {g backe
ground music: still others prefer to siudy
out-of-doors. You must chonse yvour
gtudy environment carefully go that it
fitg vour individual needs.

I, STUDY THOROUGHI.Y AND)
SYSTEMATICALLY

Armed wiih a workable schedule
and situated {n a good study environmem
you are now ready to attack your covrse
study unit by study unit. To begin, turn
to the tirst page of study unit 1, On this
page you will find the study unit objective,
a statement of what you should be able to
do after completing the study unit,

12} NOT hegin by veading ihe
worh unit questions and Nipping through
the text for answers. 1f you dqo 8o,

#7 will prepare to fal, noy pass, the
flne. oxam, Instead, Proceed as fol-
lows:

@ Read the objeciive for the
first work unit and then read the work
it texy cavefully, Make notes on
the idvas you feel are {mportaat,

Withoot referring to the 1oy,
aaswor the questions at the vnd ot (he
worh ant,

@ Check vour anse ers againsi
the corvrct ones Hgied al the end of
the gtudy unf.,

I yYou miss any of the questions,
restud¥ the work ynit until Yau understand
the correct response,

Gio_on to the nest work unit and re-
peat gteps through nntil you have com-
pleted all the work unit8 in the study ynit.

Follow the same procedure for each
study unit of the ¢course, 1l you have
problems with the text or work unit questions
that You cannot 8olve on your own, ask
your section OIC or NCOIC fqr help, If
he cannot aild you, requust aselstance from
MCI on the Student Course Content Assis-
tance Request included with this course.

When you have finished all the study
units, complete the course review lesson,
Try to answer each question without the aid of
reference materials. llowever, If you do not
know an answer, look it up, When you have
fin:shed the lesson, take it to your training
ofticer or NCO for mailing to MCI. A7l
will grade it and send you addedback sheet
listing course references for any questions

that you miss.

V. PREPARE FOR THE FINAL EXAM

g

N

How do vou preparce for the final
exam”  FFollm these four stepss

Review each study unit objective
aa a stummary of whst was taught in the
cqurse,

Rirvicad all portions of the toxt
thar vou found partlcnlarly difficult.

Revirw nIl the work unit questions.
paving specinl attention to 1hase you missed
the first time around,

@ Study the course review
lesson, puying particular attention
to the questions you missed.

1f vou follow these simple
steps, you should do well on the
final, GOOD IUCK!




STUDY UNIT 1
AUTOMOTIVE POWER TRAINS
STUNY 'NIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL
TDENTIFY THE ELEMENTS OF THE POWER TRAIN SYSTEM AND THEIR FUNCTIONS, AND THE TYPES
OF DRIVES.
Work Unit 1-1. BASIC POWER TRAINS--WHEELED VEHICLES
GIVEN AN TLLUSTRATION, IDENTIFY EACH ELEMENT OF THE POWER TRAIN SYSTEM.

GIVEN A LIST OF POWER. TRAIN SYSTEM ELEMENT> AND A LIST OFf THEIR PURPOSES, MATCH
EACH ELEMENT WITH ITS PURPOSE.

IDENTIFY THE FOUR TYPES OF DRIVEC.
The common elements of the power transmission system assembled in typical vehicles are

shown in figures 1-1 and 1-2. Reading from the engine to the wheels, the main units of the
power train are described in a through 1 below.

a. Clutch. By means of the clutch, the operator can disctunect the torque of the engine
from the power train when starting the engine or when running the engine while the vehicle §s
standing motionless. The clulch is also necescary to deliver the torque of the engine vo the
power train gradually, and to allow gear ratfos to he cianged to meet varying road conditions.

b. Transmission. An internal combustfon engine cannot develop apprecfable torque at low
speeds, and 1t develops maximum torque orly at one spezd. The crankshaft of an engine must
always rotate in the same direction, For thesc reasons, the transmissfon fs necessary in
avtomotive vehicles., The transmission provicdes the mechanical advantage that enahles the
¢ Jine to propel the vehicle under adverse coniftions of load. It also provides the driver
with a selection of vehicle speeds while the engine is held at speeds within the effective
torq?e range, and it allows disengaging and reversing the flow of power from the engine to the
wheels,

c. Transfer assembly. This assembly is an auxiliary gear train on all-wheel-drive
vehicles. It permits the power to be divided and transferred to th front and rear propeller
shafts, and to the propeller shaft on amphibious vehicles. It also provides a means of
lowering or displacing the power train sufficiently to nermft the front propeller shaft to
clear the crankcase of the engine.

d. Universal Jjoints. It ts necessary to provide flextbilfty in the power tratn if
springs are to be used on the vehfcle. As load ts increased or decreased, and as the vehicle
travels over uneven surfaces, the angle between the engine crankshaft axis and a Jine to the
axle will change. This flextbilfty fs provided by the use of universal joints which permit
transfer of torque at an angle.

e. Slip joints. As the vehicle's load varies and as it travels over uneven terrain, the
distance netween the transmission and the dffferentfal varies. The s)ip Joint is incorporated
as a component of the prnpeller shaft to allow it to lengthen or shorten as required by this
varfation in distance.

f. Propeller shaft. This device carries the torque from one place to annther; from the
transfer case to tne differential, for example.

q. Final drive. This device transmits the power flow from the propeller shaft to the
differentfal and, at the same time, provides a further gear reduction.

h. Differential. When a vehicl: ts driven around a curve, the outer wheels trave)
faster, as well as rarther, than the inner wheels. The differential permits this difference
in rotational speed of the axles.

{. Types of drive. When a turning force, or torque, 1S exerted through the final drive
and axle shatts to turn the driving wheels, there is an equal and opposite torque, or
reaction, tending to turn the atle housing in the oppostite direction. The tractive effort of
the wheels on the road, which propels the vehfcle forward or backward, is also exerted on the
axle housing. Some member or members must be provided, therefore, to prevent the axle housing
from turning, and to transmit the forward or backward thrust of the driving wheels to the
frame of the vehicle. Four methods, and at least on. combinatfon of these methods, are used
for accomplfshing this result. The; are radius rod drive, torque tube drive, torque amm
drive, and Hotchkiss drive (fig 1-3).

: 1-1
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Fig 1-1. Power transmission system in 4 x 4 wheeled vehicle,

Fig 1-2. Power transmission system in 6 x 6 wheeled vehicle.

(1) In the radius rod drive, two radfus rods (sometimes known as torque rods) are used
to transmit the driving thrust to the frame and to maintain the aTinement of the
rear axle. The radius rods are Connerted both to the rear axle and to the frame
by jointed connections which permit .11 vertical, and sometimes lateral, movement
of the axle housing relative to the trame. An open propeller shaft with two
universal joints 1s usually employed with the radius rod drive. This type of
drive 1s used only to a very 1imited extent.

14
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(2) The torque tube drive s used on 3 number of passenger and )fght commerctal
vehicles, In this type drive, the propeller shaft is housed in a steel tube, The
rear end of the tube fs rigidly bolted to the rear axle housing by a flange, and
fts front end fs connected to the transmission or a frame cross member through a
ball-and-socket foint. One universal joint, the center of which is placed at the
center of tha ball-and-socket jo'nt of the torque tube, fs used tn the propeller
shaft. A s1ip jJoint 1s ysed in the propeller shaft since there fs some
lengthening and shortening of the shaft as the rear axle moves up and down. A
center bearing for the propeller shaft is generally put in the torque tube. Two
radius rods connect the ends of the axle housing with the forward end of the
torque tube and matntatn the axle housing alfned at right angles to the torque
tube. The springs are shackled at both ends., With this type drive, both the
torque reactfon and the driving thrusts are taken by the torque tube. Since the
springs are rel feved from both torque reactfon and driving thrust, they can be
made flexible, which is thought to fmpart better riding qual ftes to the vehicle
than other types of drive. When the torque tube drive fs employed, the driving
pressure s applfed toward the forward end of the frame, efther through the engine
mountings or a frame cross member; whereas, in the torque rod and the Hotchkiss
drives, it 1s applfed at the rear of the frame. Swme destgners prefer one and
some the other. Both are satisfactory.

Fig 1-3. Types of drive and 1ive axle suspensions.

{3) The seldom-used torgue arm drive s very similar to the torque tube drive, the
principal difference being that ft employs an open propeller shaft parallel to a
torque arm instead of 3 housed propeller shaft within a torque tube.

{4) The Hotchkiss drive fs uysed for a larqe proportfon of the passenger cars and most
of the heavier trucks. In this type drive, an open propeller shaft with two
universal joints and a s11p jJoint s used. The t~rque reactfon, driving thrust,
and alinement of the axle housings are al) taken care of by the springs. The
springs are pivoted on the brackets rieted to the vehicle frame at their forward
ends and shackled to the frame at their rear ends. The rear spring brackets are
the point of application of the driving thrust to the frame. Becduse the springs
must take the torque reactfon, stiffer springs are required than for the torque
tube drive., Because they must take the driving thrust, they must be fairly
strafght or flat. Some designers think these considerations make for infertor
riding qualities, but Hotchkiss drives are used very extensively with complete
satfsfactim, An advantage of the Hotchkiss drive 18 that the flexible connecttion
between axie and frame throws less strain on the driving mechanism than do other
twes. when sudden 1oads are applied, as in letting the clutch n suddenly or
quickly applying the brakes, the axle housing can rock s)ightly, which cushions
the shock on the parts and prevents extremely high pressures batween the gear
teeth of the final drive mechanism.
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EXERCISE:

1.

Answer the following questions and check your answers 3gainst those listed at the
end of this study unit. Write your asnswers on the 1ines provided.

Label the efght components of the power train system.

(1) Clutch location

(2} Transmission

(3) Transfer assembly
(4} Unfversa) Joints

{S) Siip joints

(6) Propeller shaft

(7) Final drive location
{8} Differential

2,

3.

Matching., Match the efght elements in column 1 with their purpose in column 2.
Write your answers on the lines provided.

Column 1 Colwin 2
(1) Transfer a. It §s the means that the operator can
(2) S1ip jJoints disconnect the torque of the engine from
(3) Final drive the power train.
{4) Transmission b, It prov‘jes the mechanical advantage that
(5) Difterential enables the engine to propel the vehicle,
6) Clutch and provides a selection of vehicles
7) Universals speeds.
(8) Propelter shaft c. It permits oower to be divided to both

front and rear propeller shafts.

d. Permits transfer of torque at an angle.

e. It allows the propeller shaft to lengthen
or shorten as required,

f. It carries the torque from one place to
another,

g. It transmits the power flow from the
propeller shaft to the differential,

h, It Permits difference in rotational speed
of the axles.

Identify the four twpes of drives.
a, Spring drive, torque springs, overload rods, straight rods
h, Torque arms, torque springs, spring drive, torque rods

c. Hotchkiss drive, torque springs, torque drive, spring drive
d. Torque arms, torque rods. torque tube,6 Hotchkiss drive

16
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SUMMARY REVIEW

In this study unit vou have Tearned to fidentify each element of the power train system
and its purpose in the system, You also learned about the four types of drives used in the
power train system.
Answers to Study Unit #1 Exercises

Lo
1) ¢
4
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STUDY UNIT 2
CLUTCHES

STUDY UNIT DBJECTIVE: UPUN SUCCESSFUL COMPLETIDN OF THIS STUOY UNIT YDU WILL
IDENTIFY THE CLUTCH PRINCIPLES, CLUTCH ELEMENTS, CLUTCH DPERATIDN, TYPLS DF
CLUTLHES, AS WELL AS SERVICING AND ADJUSTMENTS OF THE CLUTCH.

Sectfon I, CLUTCH PRINCIPLES AND ELEMENTS
Work Unit 2-1. CLUTCH PRINCIPLE
IDENTIFY THE CLUTCH PRINCIPLE.,

A clutch in an automotive vehicle connects and disconnects the engine to the power
transmission system. Since the internal combustion engine does not develop a high starting
torque, it must be disconnected from the power train and allowed to operate without Yoad until
it develops enough torque to overcome the inertia of the vehicle when starting up.

Application of the engine power to the load must be gradual to provide smooth engagement and
to lessen the shock on the driving parts., After engagement, the clutch must transmit all the
engine power to the transmission without slipping. Further, it is desirable to disconnect the
engine from the power train during the time the gears in the transmission are being shifted
from one gear ratio to another.

Power 1s transmitted through the clutch by bringing cne or more rotating drive
members, secured to the crankshaft, into gradual contact with one or more driven members
secured to the unit being driven, These members can be station2ry or can rotate at different
speeds, Contact is established and maintained by strong spring pressure controlled by the
driver through the clutch pedal and suitable linkage. As spring pressure increases, the
friction increases; therefore, when the pressure is 1ight, the comparatively small amount of
friction between the two members permits a great deal of slippage. As the spring pressure
tncreases, less slippage occurs unti®, when the full spring pressure is applied, the speed of
the driving and driven members is the same. A1l slipping has stopped and there is, in effect,
& direct connection between the driving and driven parts.

EXERCISE: Answer the following question and check your response against the one listed at
the end of this study unit,

1, What is the clutch principle?

a, The abtlity of a clutch to stop and stall the engine from the power
transmission system

b, The ability of a clutch to slip and hold the engine from the power
transmission system

c. The abiiity of a clutch to connect and disconnect the engine from the power
transmission system

d. The ability of a clutch to halt and stop the engine from the power
transmission system

Work Untt 2-2. CLUICH ELEMENTS
NAME THE THREE CLUTCH ELEMENTS.
NAME THE CLUTCH DRIVING AND DRIVEN MEMBERS.
NAME THE THREE CLUTCH OPERATING MEMBERS.
Clutch elements. 1he principal parts of & clutch are: the driving members attached
to the engine and turning with it; the driven members attached to the transmisston and turning
with 1t; the operating members whicth include the spring or springs and the 1inkage required to

apply and release the pressure which holds the driving and driven memhers in contact with
each other, Figure 2«1 shows & clutch cut away of operating members.

2-1
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Fig 2-1. Helical pressure spring disk-type clutch.

a. Driving Members. The driving members of a clutch usually consist of two cast-iron
plates or Tlat surraces machined and ground to a smooth finish. Cast iron is desirable
because it contains enough graphite to provide some lubrication when the driving member f{s
slipping during engagement. One of these surfaces is usually the rear face of the engine
f1lywheel, and the other is a comparatively heavy flat ring with one side machined and
surfaced. This part i< “nown as the pressure plate. It is fitted into a steel cover, which
also contains some of the operating members, and is bolted to the f1ywheel.

b. Driven Members.

{1) The driven member is a disk with a splined hub which is free to slide lengthwise
along the splines of the clutch shaft but which drives the shaft through these
same splines. (The driven member is sometimes referred to as the clutch plate but
in this text the word "disk” will be used to denote the driven member and thus
differentiate between this part and the clutch pressure plate.) The clutch disk
fs usually made of spring steel in the shape of a single flat disk of a number of
flat segments. Suitable frictional facings are attached to each side of the disk
by means of copper rivets. These facings must be heat resistant since friction
produces heat. The most commonly used facings are made of cotton and asbestos
fibers woven or molded together and impregnated with resins or similar binding
agents. Very often, copper wires are woven or pressed into the material to give
1t additional strength.

{(2) In order to make clutch engagement as smooth as possible and eliminate chatter,
several methods have been used to give a little flexibility to the driven disk.
One type of disk is "dished,” so that the inner and outer edges of the friction
facing make contact with the driving members first, and the rest of the facing
makes contact gradually as the spring pressure increases and the disk is flattened
out. In another type, the steel scgments attached to the splined hub are slightly
:?1sted, which also causes the facings to make gradual contact as the disk

attens out.

{3) The driven member of the clutch {fig 2-2) 1s usually provided with a flexible
center to absorb the torsional vibration of the crankshaft which would be
transmitted to the power train unless it were eliminated. The flexible center
usually takes the form of steel compression springs placed between the hub and the
stee) disk. The springs permit the disk to rotate slightly with relation to its
hub until, under extreme conditions, the springs are fully compressed and relative
motfon stops. Then the disk can rotate slightly backward as the springs
decompress. This slight backward and forward rotation permitted by the spring
" ws the clutch shaft to rotate at a more uniform rate than the crankshaft,

reby eliminating some of the torsional vibration from the crankshaft and
preventing the vibration from being carried back through the transmission.
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Ftg 2-2. Clutch driven plate with flexible center.

c. Operating Members. The driving and driven members are held fn contact by spring
pressure. This pressure may be exerted by a single, large cotl spring as shown fn figures 2-3
and 2-4; a number of small nelical springs located circumferentially around the outer portion
of the pressure plate as shown fn figure 2-1; or a one-piece confca) or dfaphragm spring as
shown fn figures 2-5 and 2-6. In the helfcal-spring clutches, a system of levers pivoted on
the cover forces the pressure plate away from the driven disk and agafnst the pressure of the
springs whenever the Clutch release bearing moves forward against the fnner ends of the
levers, In sfngle-spring clutches, the large cotl spring holds tre plates fn contact. In
diaphragn clutches, the dfsh-shaped dfaphragm performs the same functfon. The clutch release
(or throw-out} bearing is a ball-thrust bearing contatned fn the clutch release bearing
houstng, or collar, mounted on a sleeve attached to the front of the transmisston case. The
release hearfng (P, figs 2-5§ and 2-6) s connected through 1inkage to the clutch, and s moved
by the release yoke to engage the releasc levers and move the pressure plate to the rear, thus
separating the clutch driving members from the driver. member when the clutch pedal fts
depressed by the driver.
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Fig 2-3. Single, large cofl pressure spring clutch--exploded view.
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Fig 2-4, Single, large cof) pressure spring clutch-~cross-sectional view.
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Fig 2-6. Diaphragm spring clutch-~disassembled view.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. The three clutch elements are . ’
and
2. The clutch driving members are the and

3. The clutch driven member is the

4. The four clutch operating members are the ’ ’ ’

and

Section I1. CLUTCH OPERATION
Work Unit 2-3. ENGAGEMENT AND DISENGAGEMENT OF THE CLUTCH
_DESCRIBE WHEN THE CLUTCH 1S FULLY ENGAGED.
DESCRIBE WHEN THE CLUICH IS FULLY DISENGAGED.

Clutch operation

The operation of the clutch (fig 2<7) is as follows: When the clutch is fully
engaged, the driven disk is tirmly clamped between the flywheel and the pressure plate by the
pressure of t' : springs. When the driver disengages the clutch by depressing the pedal, the
release yoke or fork is moved on its pivot, and pressure is applied to the release bearin
sleeve, nr collar, containing the release bearing. The rotating race of the release bear?ng
presses aqainst the clutch release levers and moves them on their pivot pins.
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The outer ends of the release levers, being fastened to the cover, move the pressure plate to
the rear, compressing the clutch springs and allowing the driving members to rotate
independently of the driven member. The release yoke moves only on its pivot which is
fastened to the flywheel housing Ly means of a bracket or a transverse shaft. All parts of
the clutch, except the release bearing and collar, rotate with the flywheel when the clutch is
engaged. When the clutch is disengaged, the release bearing rotates with the flywheel, but
the driven disk and the clutch shaft come to rest.

In some clutches, a diaphragm §s used instead of coll springs. The diaphragn is a
conical piece of spring stee) punched, as shown in figure 2-6, to give i1t greater
flexibility, The diaphragn spring is nearly flat when the clutch is in the engaged position.
The action of this type of spring is similar to that of the bottom of an ordinary oil can (fig
2-5). The pressure of the outer rim of the spring on the pressure plate increases untfl ft
reaches the flat position and decreases as this position is passed. The outer rim of the
diaphragn is secured to the pressure plate and is pivoted on rinys approximately one inch in
from the outer edge. Thus, pressure applied at the inner section will cause the outer rim to
move away from the flywheel and draw the pressure plate away fiom the clutch disk, ra2leasing
or disengaging the clutch. When the pressure is released from the inner section, the oil-can
action of the diarhragn causes the {nner sectig to move out, and the movement of the outer
rim forces the pru:isure plate against the clutch disk, thus engaging the clutch.
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Fig 2-7. Plate clutch--cross-sectional view.
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EXERCISE:  Answer the following questfons and check vour resbonses agatnst those listed at
the end of this study unit.

1. When the dviven disk iS firmlv c)ampad hetween the f)ywheel and the Dressure Dlate
hv pressure of the sPrinas, the clutch s

?. When Dressure s applied on the release levers hv the throw-out hearinag, the

pressure plate from the clutch disk allowing the clutch
disk to come to rest.

Sectinn 111. CLASSIFICATION OF CLUTCHES
Work Hinit 2-4. TYYPES OF CLUTCHES

STATE 1AE METHOL FOR CLASSIFY!nl AUTOMOTIVE CLUTCHES.
INENYIFY THE TWO TYPES NF CLUTCH PLATES YSED ON MEDIUM AND HEAVY WEIGHT VEHICLES.
STATE THE TECHNIOUE FOR INCREASII'&? PRESSURE BETWEEN THE CLUTCH PLATES.

Automotive clutches mav he classified according to the numher of pDlates or disks
used, The sinqle-plate ciutch contains one driven disk operating between the {1ywheel and the
pressure plate (fig 2-7Y, The flywheel is not considered to he a plate, even though it acts
as one of the driving surfaces. A double-plate clutch s suhstantiallv the same except that
another driven dfsk and am {ntermediate drivina plate (fiq 2-8) are added. A further
slassification hased on whether or not ol Is subplied to the friction surfaces provides a
ositive method of identifving the manv tvbes of clutches In use: 1f ol 1s supbPlied, the
Jutch §s known as the wet twe: 1f oi) is not subblied, the clutch 1s the dry type.
1ifference in the action of the clutches is largelv a difference in the time of operation, the
ime required to engage the clutch deoendina on the numher of Plates, and the condition of the
urfaces. A sinale Dlate clutch will enaage the load and start it in motion sooner than will
multiple-disk clutch. A dry clutch will be Quicker to act than a wet clutch #n which the
11 must he squeezed out from hetween the driven and driving memhers before endagement s
icomP)ished. Plate clutches are aenerally used on light and medium weight vehicles, and the
Ntinle-disk clutch on heavier vehicles in which the sudden action of the other tvpe would
Pose a severe shock on the engine and power train when starting a heavv load.

ix DRIVEN Dl‘r%KSt’RESSUR!
FLYWHEEL RING ASSY .

Fiq 2-B. OQfsk clutch with two driven disks--disassembled view,
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Fig 2-9. Multiple-disk clutch.

A typical multiple-disk clutch is shown in figure 2-9. A large number of disks are
used, often os many as 11 driving and 10 driven disks, for heavy vehicles. The driving disks
have lugs similar to gear teeth around their outside edges. These mesh with internal splines
in the clutch case, which is bolted to and rotates with the flywheel. The driven disks are
carried on parallel pins which are solidly set in the ¢lut.* spider. This construction
permits movemeni of all the disks and the pressure plate fn order to provide Clearance between
them. When the clutch 15 engaged, the s, +ing moves the pressure plate forward, holding all
the disks firmly together. Jhis causes the clutch spider to revolve and turn the clutch shaft
to which it is keyed. In multiple-disk clutches, the facings are usually attached to the
driving disks. This reduces the weight of the driven disks and, consequently, thet- tendency
to continue spinning after the clutch is released. Because of the considerable number of
disks involved, the pressure plate has to mcve farther to separate the disks completely than
it does in clutches having fewer driving and driven members. There is, therefore, (ess
mechanical advantage on the clutch pedal, thus requiring greater foot pressure to depress it.

In a wet-type clutch, the disks ard the entire internal assembly run in an ofl bath,
The operation nf this type of clutch s similar to that of the dry type, except that the
friction surfuces are made of different naterfals and the gradual engagement between the
drivirg and driven members is partfally affected by pressing the of1 from bet'ween the disks.
As the nil is eliminated, the friction ficreases.

2-9
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Many passenger car clutches are of the semicentrifugal type, shown in figure 2-10, in
which the pressure between the plates s fncreased as the speed of the clutch increases. This
Is accomplished by means of centrifugal weights built into the outer ends of the release
levers so that the outward pull of centrifugal force is transformed into pressure on the
Plate. This canstruction permits the use of relatively 1ight clutch springs, thus
tacilitating the depression of the clutch pedal for gear shifting.

o
./’.’-

i
! I|

i

N

Fig 2-10. Semicentrifugal clutch--cross-sectional view.

EXLRCISE:  Answer the following questions and check your responses against those 1isted at
the end of this study unit.

1. Automotive clutches are classified according to the number of

or used.

2. Which plate is used on light to medium weight vehicles?

a. Triple plate c. Single plate
b. Double plate d. Rough plate

3. Which plate 1s used on heavy weight vehic)es?

a. Heavy plate c. Light plate
b. Single plate d. Multiple plate

4, There are two further classifications cf clutches which include

and

5. An increase of pressure between the plates is accomplished by means of

c-1U
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Work Unit 2-5,

Section 1V,

SERVICING ANO AOJUSTMENT

I0ENTIHY THE LIMITATIONS FOR ADJUSTING THE CLUTCH.
The servicing and adjustment of clutches will pertain to the M151 series vehicle, and

will be 1imited to second echelon maintenance.
9-2320-218-20, manual,

MAINTENANCE OF CLUTCHES

Informatfion can be found in the T™M

Starting with table 2-2, {preventive mafntenance checks and services, page 2-6,
sequence number 17-clutch). determine if action of the pedal return spring ts satisfactory.
Note §f the clutch disengage. completely or if it has a tendency to dra?. Note if the clutch

on

engages smoothly or 1f it chatters, grabs or slips.

With the transmiss

fn neutral, depress

the clutch and 1isten for an unusual noise which may fndicate a defective release bearing.
Check the clytch pedal free travel,

Table 2-3, Troubleshooting, will further aid in the servicing and adjustment process,

{page 2-12 of the manual).

Clutch

MALFUNCT1ON PROBABLE CAUSE CORRECTIVE ACTION
Clutch chatter. a, Grease on clutch driven disk, a, Notify support maintenance.
f1ywheel, or pressure plate.
b. Binding of clutch release b, Clean or free 1inkage.
1inkage.
¢. Disk facings loose on disk. ¢. Notify support mafntenance.
d. Broken pressure plate. d. Notify support maintenance.
e, Loose engine mounts, e, Tighten.
Clutch grabbing. a. Grease on disk, flywheel or a. Notify support maintenance.
pressure plate.
h. Clutch disk or pressure plate b, Notify support matntenance.
broken,
¢. Hub of disk not s1iding freely ¢. Notify support maintenance.
on splined shaft.
d. Release 1inkage binding. d. Clean and free )inkage.
Cluteh slipping. ?. Lack of pedal free play. a. Adjust pedal free play
(para 2-41).
b. Release 1inkage binding. b, Clean and free )inkage.
¢. Pressure plate spring weak c. Notify support maintenance.
or broken,
d. Disk facing worn, d, Notify support maintenance.
e. Pressure plate warped. e, Notify support matntenance.
f. 01 on disk facing. f. Notify support maintenance.
Clutch dragging. a, Excessive pedal free play. a, ?djustzp:g?l free play
para 2-41).
b, Clutch disk bent or dished. b, Notify support maintenance.
n. Clutch disk facings loose or ¢, Notify support maintenance.
broken.
¢, Friction tn crankshaft pilot d. Notify support maintenance.

Gear clash.,

bushings.

Note: Gear clash caused by the clutch disk spinning, fs frequent1¥ confused with
clutch dragging. A clutch disk which releases perfectly will naturally spin
under fts own weight and momentum immedfately after baing released, if
transmission gears are in neutral position. When shifting from neutra) to
firrst speed, or to reverse, waft for clutch to stop turning to avoid gear
clash; 1f symptom s definftely gear clash, troubleshoot transmission and
transfer,

Fig 2-11. Table 2-2 from TM 9-2320-218-20, manual.
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Clutch linkage adjustment. [f linkage adjustment is required, 1t will be done as
follows:

Clutch pedal free travel of 1 1/8 to 1 1/2
inches must be mafntatned. Free travel is the
distance hetween the clutch pedal released position
and the point when the clutch starts to disengage. If
free travel 1s not maintained, slippage occurs
between the clutch facings and causes the facings to
become worn.

Adjustment
~Remove Clutch return spring located on left side
of e.gine (fig 2-12).
S14p rod out of clutch release equalizer
shaft Tever and rotate the rod until the pedal free
trayel is obtained (fig 2-13).
Depress clutch pedal and check for pedal
free travel of 1 1/8 tnches to 1 1/2 inches (fig 2-13}).

e

2. 31=1/8 INCH YO 1 4“2 y14cH
PREETRAVEL &

Fig 2-12, Ciutch adjustment. Fig 2-13. Clutch pedal free travel.

FXERCISE:  Answer the following questions and check your responses against those 1isted at
the end of this study unit.

1. The servicing gand adjustments of the clutch s limited to

replacement of clutch Tinkage.
clutch pedal free trave!l adjustment.
clutch hearing adjustment.

clutch disk free travel adjustment.

a2 T

SUMMARY REVIEW

fn this study unit you learned the clutch principles, the clutch elements, clutch
aperatinn, types of clutches, and the servicing and adjustments of the clutch. Next you will
learn about the vehicle transmission.
finswers tn Study linit #2 Exercises
Wk lnit 2-1.

1. r.
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Work Unit 2-2.

driving members, driven members, and operating members
f1ywheel, pressure plate

1.

2.

3. clutch disc

4, pressure plate, springs, levers, and throw out bearing

Work Unit 2-3.

1. engaged
2. disengages

Work Unit 2-4,
1.
2.
3.
4.
5.

1. b.

plates, disks

C.

d.

wet, dry
centrifugal weights




STUDY UNIT 3
CONVENTIONAL TRANSMISSIONS

STUDY UNIT OBJECTIVE: UPDN SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL
IDENTIFY THE FUNCTION AND TYPES DF TRANSMISSIONS; CONSTANT MESH AND SYNCHROME SH
TRANSMISSIONS, GEARS, TORQUE RATIOS AND BEARINGS. 1IN ADDITION, YOU WILL IDENTIFY
THE DEFINITION OF THE TERM “POWER TAKE-OFF.®

Sectfon 1. MANUAL SHIFT TRANSMISSJONS
dork Unit 3-1, FUNCTION AND TYPES
IDENTIFY 1HE THREE TYPES OF TRANSMISSIONS.
NAME THE TWO TYPES OF SLIDING GEAR TRANSMISSIONS.

The purpose of the transmission is to provide the operator with a selection of gear
ratios between engfine and wheels so that the vehicle can operate at peak efficiency under a
varfety of driving conditions and loads.

Basic tyes. There are three bastc types: the sliding gedr, the planetary, and the
friction~-disk. ;hT! friction-dfsk is no longer used. The planetary, as such, fs no longer
used although 1t 1s incorporated in automatic transmissions using fluid couplings or torque
converters, as well as in overdrives and in some dual-ratfo rear axles. The s)iding-gear type
fs now known as the conventional transmisston. There are two types of sliding-gesr
transmissfons, One is the progressive, in which the arrangement fs such that it fs necessary
to pass from one gedr to amother in definite order. Thus, in a three-speed progressive
transmissfon, it 1 fmpossible to shift from "1ow* to "high® without going through “second.”
The use of this system is 1imited almost entirely to motorcycles. The other s)iding-gear s
known as selective., In this system the operator can select any ratio without going through
intermedfate stages.

Specfal twes, In modern passenger cars, the disadvantages of sliding-gedr types are

overcome by use of constant-mesh transmissions. These eliminate the noise and Clashing common
to spur-gear tratns.

Synchromesh transmissfons are a type of constant-mesh.

EXERCISE: Answer the following questions and check your answers against those 1isted at the
end of this study unit.

1. Select the three types of transmissions.

a. Double sprage, friction disc, single sprage
b, Friction s1ip, planetary, s)iding

c. Sliding plate, friction disc, single sprage
d. Sliding gear, planetary, friction disc

2. The two common types of s1iding gear transmissions are the and

L]

3. The two sPecial types of transmissions are and

Work Unit 3-2, CONSTANT-MESH AND SYNCHROMESH TRANSMISSIONS
NAME THE GEARS USED ON THE SLIDING-GEAR TRANSMISSION.
STATE WHAT 1S USED TO PREVENT GEAR CLASHING.
DESCRIBE THE COMPOSITION DF THE TRANSMISSION CASE,
STATE THE LOCATION OF THE GEARSHIFT HOUSING ON THE M151 SERIES VEHICLE.
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Purpose. Sliding-gear transmissions use stub-tooth gears for easy engagement;
consequently, transmission is usually noisy when operating in the intermediate speeds. In
recent years, the conventional sliding-gear transmission has been superseded, particularly on
passenger vehicles, by systems in which the gears are always in mesh with their mates, and
selection 1s made by s11ding other components into and out of connectfon. Two of the most
common of these systems are the constant-mesh and the synchromesh, which has an additional
feature to prevent clashing of gears.

Description. The conventional, four-speed, constant-mesh type transmission (as used
in the MIST serfes) provides synchrosilent action in secomd, third, and fourth speeds. AN
gears are helfcal except first and reverse. The transmission case is made of cast tron. The
gearshift housing assembly s attached to the top of the tramsmissfon. A standard commercial
gearshift pattern is ysed plus the addition of the fourth forward speed. Gears within the
transmission are shifted by the gearshift Tever which extends from the gearshift housing into
the driver's compartment. The gearshift lever and housing are sealed by a rubber boot to
prevent water from entering the transmissfion. A pressure type breather valve fs located at
the base of the gearshift houstng, A filler plug fs provided on the Yeft side of the
transmission casc for f1114ng both the transmission and transfer case. Separate drain plugs
are located at the hottom of each case. The transfer case is 3 one-piece cast fron case
housing, doweled and attached to the rear face of the transmission case. Tramsfer gears are
directly on the vertical centerline of the vehicle. The transfer input gear, transfer
fntermed fate gear, and transfer output gear are of the constant-mesh helfcal type. The
transmission case and transfer case are machined tn matched sets. The speedometer drive gear
and the parking brake drum are mounted behind the transfer fnput gear and are secured to the
output shaft, The rear end of the transmission output shaft s supported by a roller bearing
mounted in the transfer case. A double-11p type ofl seal prevents ofl Teakage past the hub of
the parking brake drum.

EXERCISE:  Answer the following questions and check your answers 3gainst those listed at the
end of this study unit.

1. The type of gesrs used on the slfiding-gear transmission are the
gears,

2, The yse of helps prevent gear clashing.

3. The transmission case {s made of

4, The gesrshift housing on the M15]1 series vehicle s located of the
transmission.

Work Unit 3-3. CONSTANT-MESH TRANSMISS ION
STATE WHAT A CONSTANT-MESH GEZAR CANNOT DO,
NAME THE GEARS GENERALLY USED IN THE CONSTANT-MESH TRANSMISSION.

In this type of transmission (fig 3-1) certain of the countershaft gears are
constantly in mesh with gears on the main shaft. The constant-mesh gears on the main shaft
are fixed so they cannot move endwise, but they are supported on roller bearings so they can
rotate independently of the main shaft. For example, the main shaft assembly of the
transmission shown in figure 3-1 is $1lustrated in figure 3-2 in disassembled view. Note that
the matn shaft third-speed gear (D, fig 3-2) fs supported on the shaft by bearing rollers (E,
fig 3-2). Note 31so that this gear has fnternal teeth that match external teeth on the main
shaft third-snd-fourth-speed clutch gear (A, fig 3-2). Usually, helical gears are used in
this type transmission.

The transmisston shown tn figure 3-1 has four forward speeds. When a shift is made to
third, the third-and fourth-speed shifter fork moves the clutch gear (A, fig 3-2) toward the
third-speed gear (D, fig 3-2). The external teeth of the clutch gear are thus meshed with the
fnternal teeth in the third-speed gear. Since the third-speed gear fs rotating (1t {s being
meshed with a rotating countershaft gear), the clutch gear must now also turn. The clutch
gear 1s splined to the main shaft {J, fig 3-2), so the main shaft also must rotate as the
clutch gear {s turned.
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Fig 3-1. Constant-mesh transmission assemhly--cross sectional view.

Fig 3-2. Matn shaft assemb)y--disassembled view.

When a shift 1s made to fourth, or direct speed, the Clutch gear s moved toward the
driving gear on the input shaft. Externa) teeth on the clutch gear mesh with {nternal teeth
fn the driving gear so the clutch gear fs driven at the same Speed as the driving gear. Since
the clutch gear is splined to the main shaft, the main shaft is also driven at this speed.
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Constant-mesh gears are seldom used for all speeds. Common practice is to use Such
gears for the higher gears, with s11ding gears for first and reverse speed, or for reverse
only.

EXERCISE: Answer the following questions and check your answers against those 1isted at the
end of this study unit,

1. The constant mesh-gear is one that CANNOT .

2, The type of gears that are usually used in the constant-mesh transmission are
gears.,

Work Unit 3-4, SYNCHROMESH TRANSMISSIONS
STATE THE PURPOSE OF A SYNCHROMESH TRANSMISSION.

The synchromesh transmissfon fs a type of constant-mesh transmissfon that permits
gears to be selected without clashing, by synchronizing the speeds of mating parts before they
engage. It employs a combination metal-to-metal friction cone clutch and a dog or gear
positive clutch to engage the mafn drive gear and second-speed main shaft gear with the
transmission matn shaft. The friction cone clutch engages first, bringing the driving and
driven members to the same speed, after which the dog clutch engages easily without clashing.
This process fs accomplished in one continuous operation when the driver declutches and moves
the control lever in the usual manner.,  The construction of synchromesh transmissions varies
somewhat with dffferent manufacturers, hut the principle fs the same in all,

The construction of a popular synchromesh clutch s shown in figure 3-3, The driving
member conststs of a s1iding gear splined to the transmission main shaft with bronze tnternal
cones on each stde. It ts surrounded by a s1iding sleeve having internal teeth that are
meshed with the externdl teeth of the s1iding gear. The s1fding sleeve is grooved around the
outside to recefve the shift fork. Six spring-loaded balls in radtally drilled holes in the
ged fit into an finternal groove in the s1tding sleeve and prevent ft from moving endwise
relative to the gear until the latter has reached the end of its travel. The driven members
are the main drive ?ear and second-speed main shaft gear, each of which has external cones and
external teeth machined on its sfdes to engage the internal cones of the $1iding gear and the
tnternal teeth of the sliding sleeve. The synchromesh clutch s shown disengaged fn figure
3-3 and engaged in figure 3-4,

The synchromesh clutch operates as follows: Uhen the transmission control lever is
moved by the driver to the third-speed or direct-drive position, the shift fork moves the
s11ding geadr and s1tding sleeve forward as 8 unit until the internal cone on the sliding gear
engages the external cone on the main drive gear., This actfon brings the two gears to the
same speed and stops endwise travel of the s1iding gear. The s1iding sleeve then slfdes over
the halls and stlently engages the external teeth on the main drive gear, locking the main
drive gear and transmission main shaft together as shown in figure 3-4, When the transmission
contrul lever is shifted to the second-speed position, the s1iding gear and sleeve move
rearward and the same actfon takes place, locking the transmission main shaft to the
second-speed main shaft gear. The synchromesh clutch fs not applied to first speed or to
reverse, First speed is engaged by an ordinary dog clutch when constant mesh fs employed, or
by a s1iding gear; rever~e 1s alwadys engaged by means of a s1iding gear. Figure 3-5 shows »
synchromesh transmissfon in cross section which uses constant-mesh helical gears for the three
forward speeds and a s1iding spur gear for reverse.
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Fig 3-3. Synchromesh clutch--disengaged. Fig 3-4. Synchromesh clutch--engaged.

Some transmissions are controlled by a steering column contro) lever {fig 3-6). The
positfons for the varfous speeds are the same as those for the vertical control lever except
that the lever is hortzontal. The shifter forks are pivoted on bellcranks which are turned by
a steering column control lever through the linkage shown. The poppets shown in figure 3-5
engage notches at the fnner end of each belicrank. Other types of synchromesh transmissions
controlled by steerfng column levers have shifter shafts and forks moved by a Vinkage similar
to those used with a vertical control lever.

FyagpFodupennEngr-
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Fig 3-6. Synchromesh transmi<sfon arranged for steerfng column control.
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Fig 3-6, Steering column transmission control lever and )inkage,
Transmissfons in heavy-duty trucks are equipped with synchromesh gears. Therefore,
douhle-clutching is no lonqer necessary to ensure enqagement of gears without clashing.

EXERCISE:  Answer the following question and check your answer against the one listed at the
end of the study unit.

1, The synchromesh transmissfon is desiqned to

Sectfon I1, TYPES OF TRANSMISSION GEARS
Work Unit 3-5.. SPUR GEARS

GIVEN A DRIVEN GEAR AND A DRIVING GEAR HAVING THE SAME DIAMETER AND NUMBER OF
TEETH, NAME THEIR GEAR RATIOS,

DESCRIBE THE MEANING OF THE WORD “FULCRUM", WHICH IS OFTEN USED TO DISCUSS
"PRINCIPLES OF LEVERAGE,"

PDESCRIBE THE RESULT OF A SMALL GEAR DRIVING A LARGE GEAR.

Genera), Since gears pPlay an important part in power trains, let us discuss gear
principles as well as various twes of gears used in power trains, Gears are used to transmit
rotarv motion from one shaft to another. Sometimes the sha’ts are parallel to each other, at
other times they are at an angle. The gearing is selected to fit the application and provide

the desired drive ratio (ratio of revolutions per minute, rpm) between the driving and driven
shafts,

Spur_qears

Gear ratio, Two meshing spur gears are shown in fiqure 3-7, Both gears have the same
number of teeth and are of the same diameter. Thus, hoth turn at the same sbeed. The gear
rat‘o is therefore 1:1. Figure 3-8 shows two meshinq spur gears, one with 12 teeth and the
other with 24 teeth. The smaller qear will revolve twice as fast as the larger gear. The
qear ratio between the two, when the smaller gear drives, is 24:12, or 2:1. Thus, the gear
ratio between two meshing qears is the relative speed, or rpm, that they turn,




Mechanical advantage. The use of a lever to move heavy objects is well known. When a
box 1s too heavy to be iirted by hand, 3 crowbar or lever can be used to 1ift it, as shown in
figure 3.9, With the lever placed as shown, only half as much force is required on th: lever
to raise the hox. Suppose that a 1ifting force of 200 pounds §s required to rajse the end of
the box. With the lever arranged as shown, only a 100-pound downward push is needed on the
lever. The farther out on the lever the hand is put (away from the pivoting point, or
fulcrum), the less downward push is required. But also, the farther the hand must move to
raise the box. The mechanical advantage of the lever is the ratfo between the two distances
from the fulcrun. In the example shown, the mechanical advantage is 2:1.
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Fig 3-7. Meshing gears with 1:1 gear ratio. Fig 3-8. Meshing gears with 2:1 gear ratio.
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Fig 3-9. Nilustrating mechanical advantage of gearing.

Mechanical advantage in qears. A rough comparison between mechanica) advantage in
levers amd mechanical advantage in gears can be made. Such 3 comparison s shown at the
bottom of figure 3-9. One end of the lever moves twice as far as the other. When two gears
are meshed and one gear has twice as many teeth as the other, the smaller gear will rotate
twice for each revolution of the larger gesr. In other words, the mechanical advantage
bi:tveen the two gears would be 1:2 when the larger gear drives the smaller gear. If the
sialler gear drove the larger gear, the mechanical advantage would be 2:1 since the smaller
gear would have to exert half the force for twice the distance.
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Torque ratios in qears. Torque is defined as a twisting, or turning effort. When one
qear drives the other, 1t turns the other by the application of torque. The torque ratio
hetween two meshing gears varies with the mechanical advantage, that is, with the gear ratio
nf the driving tn the driven qedr. When a small gear drives a larqer gqear, for exambPle, the
speed is reduced but the toraque delivered hy the 1arqer gear in increased. Thus, when a
172-tonth qear drives 8 ?4-tooth qear, torque is douhled; that is, the torque of the lirge qear
is twice that of the small gear. On the other hand, when the larger qear drives the smaller
qedr, the torque is reduced while the sbeed is increased. To start an automotive vehicle
moving, a qreat deal of tractive effort or toraue must be apPlied to the driving wheels or
drive sbrockets. This may he accomplished hy usina a sertes of gqears, or a qear train, which
areatly reduces the speed and therebv great1v increases the toraue between the engine and
drivina wheel or ¢Procket. A common arrandement in Dassenger cars permits a gear reduction,
fn first for low') aear, of 17:1 hetween the endine and rear wheels. This means the engine
crankshaft must turn 17 times to turn the rear wheels once. This sPeed reductfon results fn a
torque increase. I1qnoring friction, the torque increase would he twelvefold., That is, if the
tnrque at the crankshaft were 100 pound-feet, then the torque at the rear axles would he 1,200
pound-feet, In larqe trucks and heavv military vehicles the toraque increase {or torque
multipl ication) mav be much greater than 12:1.

EXERCISE:  Answer the fol,owina questions and check vour resPonses 33ainst those listed at
the end of this study unit.

1. When a driving qear and a driven qear are of the same diameter and both have the
same numher of teeth, they pProvide a qear ratio of

?, The word "fulcrum,” often used to discuss "principles of leverage,® means

3. When a small gear drives a larqer qear the speed is
hut the torQue is

Work Init 3-6. TYPES OF GEARS
NAME THE VEHICLE UN1T THAT CONTAINS WORM GEARING.

Numerous tvbes of qearing are used in automotive applications. 1n addition to the
very common sDur qears shown in fidqures 3-7 and 3-8, several other twpes are shown tn fiqure
3-10, Bevel aears are used to chanae directions in the power train. The two shafts are
usually at riaht anales to each other, hut not necessarily so., Worm gearinqg is .t >ften vsed
in rower trains, hut a modified work aear is used in many steering svystems: the worm qed fis
assemhled on the lower end of the steering column. The internal qear has qear téeth facing in
toward 1ts center rather than out., 1t is used with a gqear in which the teeth face out.

EXERCISE: Answer the following question and check your response adainst the one listed at
the end of this study unit.

1. The vehicle unit that is most likely to contain worm aearina is the

Work Unit 3-7. PLANETARY GEAR SYSTEMS

STATE THE RECURRING RESULT WHEN THE PLANET PINION CAGE IS HELD AND THE SUN GEAR 1S
TURNEN IN A PLANETARY GEAR SYSTEM.

The Dlanetary aear system (fia 3-11) consists of three rotating members: the internal
aear {or rinq gear), the sun gear, and the Planet Pinfon set, consisting af the Planet Pintons
and the planet-pinion carrier, or cage. The reason the system is called a Dlanetary qear
svstem is that the pPlanet Qears rotate and at the same time revolve around the sun qear, fust
as the Planets fn nur snlar svstem rotate and also revolve around the sun. 1n the Planetary
qear system the planet qeadrs are assemhled on shafts in & planet carrier or cade.

Arranaements can he made to put power into any of the three rotating members and, at the same
time, hold other memhers so that the gear ratio through the svystem can be fncreased or

decreased, In addition, by the proper arranaement of turnina and holding, the svstem can
reverse rotation,
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Fig 3-10. Varfous twpes of gearing. Fig 3-11. Planetary gear system.

The chart in fiqure 3-12 shows the six condftions that can result in the planetary
gear system from turning or holding the various memhers. For example. the column under
fondition 1 shows that holding the sun gear while turning the pinton cage causes the internal
Qear to turn faster than the pinfon cage. wWhen the pinfon cage is turned, the pinfons must
walk around the sun gear hecauce they are meshed with the sun qear. The pinfons are also
meshed with the internal gear and as they walk around the sun gear, and also rotate on thefr
shafts. they force the internal gear to rotate. The rotation miaht be satd to come from two

sources. the rotation of the pinfons on thetr shafts and the rotary motfon of tnc pinfons as
they are carrfed around by the pinfon caqe.

The other conditions 1isted in the chart (fig 3-17) are not all used fn automotive
power trains, hut they should be studfed for a full understanding 2f the action of the
planetarv gear cystem. If the sun gear fs held and the internal Gear turned. then the pinion
cade will turn, but more slowlv than the fnternal gear. If the sun gear {s turned and the
internal dear held. the pinfon cade will turn more slowly than the sun gear. On the other
hand, {f the fnternal dear fs turned and the pinfon cage held. the sun gear will turn faster
than the {nternal Qear, hut in a reverse direction. The fifth condition results f the
fnternal dear is held and the pinion cade s turned: chis causes the sun gear to turn faster
than the pinfon cage. The stxth condftion fs a common one since. by fts use. reyerse and gear
reductfon can be accomplished at the same time. The sun qear is turned while the pinton cage

ts held. This causes the internal qear to turn more slowly than the sun gear and in a reverse
directian.
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Fig 3-12. Chart relatinq varfous actfons tn planetary systems.

EXERCISE: Answer the followina question and check vour response against the one 1tsted at
the end of this study unit.

1. In a planetarv qear syStem, when the planet pinion cage 1s held and the sun gear
is turned, the result
is
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Section IIT. BEARINGS AND LUBKICANT

Work Unit 3-B. BEARINGS
ITATE THE PURPOSE OF THE BEARINGS IN AUTOMOTIVE POWER TRAINS.
IDENTIFY THE THREE GENERAL TYPES OF BALL BEARINGS.
STATE THE PURPOSE OF SINGLE-ROW RADIAL BALL BEARINGS.

General. Essentfally, a bearing is a support for & load. In automotive applications,
bearings support moving parts, most of which are rotating parts. Not only do the bearings
provide support, but they also serve to reduce the friction between the moving parts.

$11ding surface bearings.

These fnclude bearings for rotating parts and for parts that merely slide over each
other without turning. Most of the bearings of the mechanisms described n this sectfon are
for rotating parts. However, two examples of beiarings for parts that do not rotate relattve
to each other are the shifter shafts in transmissions, which merely slide endwise fn holes in
the case, and the slip joint of propeller shafts.

The simplest type of sliding surface bearing applfied to a rotating part s one in
which & accurately finished shaft, or journal, rotates in an accurately finished hole without
any bushing, the two befng separated by an ofl ffIm. Such bearings may be used for
differentfal pinfons; the holes are in the rotating pinfons which turn on the statfonary
differentfal spider or cross pin. Such bearings are usuadlly known as plain bearings and are
used only for low speeds or 1fght duty or both.

Probably the next simPlest plafn bearing, also of the sliding-surface type, is the
bushing that ts replaceable when worn. A bushing fs usually of bronze or similar relatively
soft materfal and is pressed fnto a hole and reamed to fit, forming a 1ining tn which a
Journal rotates. Plain bushings are suitable for radfal loads only. Bronze bushings were
formerly used to a considerable extent in automotive power transmissfon systems but have been
almost entirely superseded by antifriction bearin?s {ball, roller, or needle bearings).
Bronze bushings are used extensively for piston pin bushings in internal combustion engines.

Ball and roller bearings

General. Ball and roller bearings are used throughout automotive power transmisstion
systems. The usual locations of antifriction bearings fn a truck chassis are shown fn figure
3-13, They are commonly known as antifriction bearings, stnce friction in them fs largely
el iminated because they depend upoh roli g contacT rather than sliding contacts. Ordinartly,
a ball or roller bearfng does not fail suddenly, but gives warning by a gradual decrease in
smoothness of running; whereas, the plain beartng 15 subject to an accelerated type of faflure
which often results in sefzure, making ft necessary to take the machine out of operatfon for
fmmed fate repairs.
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Fig 3-13. Locattons of antifriction bearings fn a truck power train.

Types of ball bearings. A ball bearing consists essentially of a grooved, fnner race
and outer race with a number of balls spaced by a suftable cage or retainer between them.

They are made with efther a single or double row of balls. Bal) bearings for vartous purposes
differ considerably in the detatls of their construction but are of three general
types--radirl, thrust, and angular. These terms are descriptive of the direction at which the
load ts applied to the bearTng and the angle of contact between the balls and races designed
to resist that load. A single-row radial ball bearing fs show» in figure 3-14. This bearing
has radfa) contact between balls and races, and is designed primarily to resist radfal loads
but also provides for lengthwise stabfl ity where moderate lengthwise displacement is
permisstble. It {s suftable for usual combined radfal and thrust loads and for high speeds.
The double-row radfal ball bearing shown in figure 3-15 {s suftable for heavy, combined radtal
and thrust loads, medium sreed, and close control of endwise movement under reversing thrust.
Single-row, angular-contact hall hearings, such as those shown in figure 3+16, have
substantia’ thrust capacily and provide rigid lengthwise support fn one direction only. Also
avatlable .r= double-row, angu)ar-contact bearings which have high combined load capacity
together witn rigid lengthwise support in both directions. Thrust bearings of the so-called
flat type, such as those shown in figure 3<17, have a contact agle of 900, or a load Vine
between b#’1 and race that 1S parallel with the axis of the shaft. The small-bore race is
secured to the shaft and the large bore race is supported by the housing. Thrust fn one
direction presses the races and balls together; thrust in the other direction separates them.
Therefore, this type is essentfally a one~-direction thrust bearing. Thrust in both directions
neressitates the yse of duplicate unfts or a bearing of the double-direction thrust type.

Such bearings are suitable for )imited speeds anc miniwum lengthwise displacement.
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Fig 3-14. Single-row radtal ball bearing. Ftg 3-15. ODouble-row radfal ball bearing.
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Fig 3-16. Single-row angular-contact Fig 3-17. Flat-type thrust ball bearing.

ball bearing.

Types of roller bearings

As in the case of ball bearings, the detatls of construction of roller bearings vary
considerably for different applicatfons. Like ball bearings, they are designed for radial,
thrust, and combined loads. Roller bearings, which have greater contact area than ball
bearings, are used for heavy-duty applications.

Cylindrical, or straight, roller bearings are bearings in which the outer races,
rollers, and fnner races are all cylindrical. Rollers are usually solid as shown in figure
3-18, and the rollers are guided by flanges on one or both races. If both races are flanged,
the bearing has some abflity to resist end thrust; otherwise it is good for radial 1oads
only. One manufacturer uses rollers formed by helically winding strips of alloy steel into
hotlow cylinders which are then heat-treated and ground to size. This construction imparts
some flextbility to the rollers and enables them to adjust themselves to small inaccuractes.
Rollers wound right and left hand are assembled alternately in the bearing and held in proper
alinement by a cage retainer. These bearings are made with solid inner and outer races, with
solid outer race and no inner race, and with 8 split outer race and no inner race. Needle
bearings (or qufl) bearings, as they are sometimes called) are cylindrical roller beirings fn
which the diameter of the roller fs not over one-efghth the roller length. Separate vuter and
fnner races may be used, or the inner race may be the shaft and the outer -ace fntegral with
the housing. No spacing cage fs ordinarily used; the rollers are merely constrained against
endwise movement. Needle bearings are suftable for radial loads only. These bearings are
used where & hi?h load-carrying capacity is required tn a small space. Needle bearings are
used n many unfversal joints.
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Fig 3-18, Cylindrical roller bearing with Ftg 3-19. Tapered roller bearing, showing
Solid rollers. principle of bearing at bottom.

Tapered roller bearings, such as are shown in figure 3-19 are used extensively in
automotive power transmissfon systems, espectally for the more heavily loaded rotating
members. The rolling members and raceways of the tapered roller bearfngs are constructed on
the elements of a cone, so that 1ines that coincide with the contacting surfaces of rollérs
and races all meet at a common point on the axis of the bearing as shown at the bottom of
fiqure 3-19, True rolling contact is thus obtained. The essentfal parts are an fnner race or
cone, an outer prace or cup, tapered rollers, and a cage or roller retainer. These bhearings
are suitahle for heavy duty, and can withstand radtal loads and thrust loads in one direction
or a comhination of both, Such bearfngs are also avatlable with double and quadruple rows of
tapered rollers. Flat thrust bearings having tapered rollers, suitable for thrust 1oads only,
are also available.

EXERCISE: Answer the following questions and check your responses aqatnst those listed at
the end of this study unit.

1. The purpose of bearings fn automotive power trains s to

2, What are the three géneral types of ball bearings?

a. Radfal, thrust, anqular
b, Radtal, angular, roller
¢. Sleeve, angular, sliding
d, Radfal, sleeve, angula

3, The purpose of single-row radfal ball bearings s to provide resistance to
loads.

L

Work Unit 3-9, LUBRICATION

STATE THE PURPOSE IN SELECTING THE PROPER GRADE OF LUBRICANT FOR BEARINGS IN AN
AUTOMOTIVE POWER TRANSMISSION UNIT.

A hastc requirement of ball and roller bearing lubrication is to protect the highly
finished surfaces from corrosion. The supporting surfaces of the cage, or retatner,
essentially are plain bearings and require an ofl fiim. A small quantity of otl or grease
will lubricate a bearing ff it is evenly distributed. An excess quantity of lubricant is
undesireable because it will cause the bearing to heat and will aggravate leakage from the
bearing housing. Operating temperature is the controllinq factor in selecting the proper
grade of lubricant. Load, speed, and weather condittons directly affect this temperature, as
does the partfcular type of bearing and the shaft enclosures.
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The antifriction bearings in automotive power transmission systems are mot lubricated
as separate units but as parts of assemblies such as clutches, transmissions, universa)
Joints, transfer cases, rear axles, etc. If these assembl fes are lubricated in accordance
with the Specificatfons as set forth in the applicable technical manual, and with the
lubrfcant prescribed for each, the bearfng requirements wil) be satisfied.

EXERCISE: Answer the following question and check your response against the one 1isted at
the end of this study unit.

1. The controlling factor in selecting the proper grade of lubricant for ball
bearings 4n the automotive power transmission unit is the

of the unit.

Section 1V, TRANSMISSION COMPONENTS
Work Unit 3-10. GENERAL
STATE THE FUNCTION OF THE TRANSMISSION CASE.
STATE THE PURPOSE OF THE CONTROL COVER.

Convertional transmissfons have certain fundamental components. Thess are the case,
which houses the gears and shafts; the contro) cover, which houses the shifter mechanism; and
the various shafts and gears. Three-speed selective transmissions bave three shafts. They
are. in the order of the flow of power. the input shaft, the countershaft. and the main
shaft. The function of the three shafts, together with the gears which connect them, is
discussed in detail in the following work unfts.

EXERCISE:  Answer the following guestions and check your responses agafnst those 1{sted at
the end of this study unit.

1. The function of the transmissfon case 1s to the gears
and stafts.

?. The purpose of the contro) cover ¥s to house the

Work Unit 3-11. INTERNAL FARTS
STATE WHAT IS ROTATING WITH THE MAIN DRIVE GEAR AND INPUT SHAFT.
STATE WHAT IS IN CONSTANT MESH WITH THE MAIN DRIVE GEAR,

GIVEN A TRANSMISSION MAIN SHAFT BEARING, HELD IN LINE WITH THE INPUT SHAFT BY A
PILOT BEARING AT ITS FRONT END, STATE THE ALLOWABLE ACTION.




The parts are shown in fiqure 3-20 in their correct relative positions hut
dicassemhled in the case. The nimes and functions of the parts follow.

Fig 3-20, Principal gear qroups of a three-speed selective system.

Shafts. The fnput shaft has an integral matn drive gear and rotates with the clutch
driven pTate or disks; that is, the shaft rotates all the time the clutch fs engaged and the
engine is running. The main drive gear is in constant mesh with the countershaft drive qear.
Since 311 the qears in the countershaft cluster are either made inteqral or keyed on, they
a1so rotate at the time the clutch is engaged. The transmission main shaft is held in Vine
with the fnput shaft by a pilot bearing at its front end, which allows 1t to rotate or come to
rest independentlv of the input shaft.

Gears. The transmission second-and-third and first-and-reverse speed main shaft gears
have grooved huh extensions fnto which the shift forks are fitted that slide them back and
forth on the main shaft splines. Thus, the second-and-third sPeed main shaft gear can be
shifted rearward to mesh with the countershaft second-speed gear. The second-and third speed
mafn shaft qear also has internal teeth which mesh with the external teeth on the rear of the
main drive qear when the gear is shifted forward into the direct-drive position. The
firstrand-reverse speed main shaft gear can be shifted forward to mesh with the countershaft
first-speed qear or rearward to mesh with the reverse idler gear. The countershaft reverse
gear is usually in constant mesh with the reverse idler gear. In some transmissions. the
reverse idler gear is shifted to mesh with the countershaft reverse gear at the same time that
the first-and-reverse speed main shaft gear is shifted to mesh with the reverse idler gear.

Other parts. The main shaft, countershaft, and tnput shafts, with their respective
gears, are mounted on antifriction bearings in the transmission case. Shift rails and forks
are provided to move the gears when the control lever is moved by the driver to change
speeds. The countershaft is qenerally placed below the main shaft. This permits a deep,
narrow case, which retains a considerable quantity of ofl without danger of leakage. since the
nil level is maintained helow the o1l seals where the input shaft enters the case and the main
shaft leaves fit.
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Transmi ss{on pns{tinns

Hentral, In figure 3-?1 the gears are shown in the neutral positinn, The input shaft
drives the cointershaft through the main drive gear and countershaft drive gear. None of the
countershaft gears are in mesh with the main shaft sliding gears, hovever, so the mxin shaft
is nat driven. When the gears are in this position, there {s no connection hetween the engine
and the driving wheels, so the vehicle remains stationary while the engine 1s running. In the
transmissfon shown In figure 3-21 the gear ratio between the main drive gear and the
cauntershaft drive gear {s about 1.5:1., Therefore, the countershaft rotates at approximately
EJtﬁim the speed of the {nput shaft or crankshaft. The path of transmitted power is showm
y the arrovs.

First speed. \hen the gears are in first-speed position, the first-and-reverse speed
- main shaft gear Ts shifted forward to mesh with and be driven by the countershaft first-speed
gear, The countershaft rotates at ahout 0.7 crankshaft speed. There is a further speed
reduction between the countershaft first-speed gear (driving) and the ”.rst-and-reverse main
shaft qear (driven) of ahout 1.5. Therefore, the crankshaft rotates 1.5 x 1.5, or 2,26 times
for each turn of the propeller shaft, thus increasing the torque on the output shaft by 2.256:1,

»
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Fig 3-2). Transmission gears in neutral position.

Second speed. The second-speed position {s shown In figure 3-72. 1In passing from
First speed to second speed, hoth s11ding gears have heen shifted rearward; the
first-and-reverse speed main shaft gear has been shi fteu out of engagement into the
nettra) position and the second-and-third speed mafn shaft gear has been shifted irto
mesh with the countershaft second-speed gear. The input shaft, through {ts integral
mafn drive gear, {s now driving the countershaft through the countershaft drive gear
fas fs the case {n a)) speeds), and the countershaft {s driving the main shaft through
the countershaft second-speed gear and the secand-and-third speed main shaft gear as
shown b, the arrows (fig 3-22). Since the countershaft second-speed gear and the
second-and-third Speed main shaft gear are the same size, their gear ratio s 1:1.
This means that the main shaft rotates at the same speed as the countershaft; that is,
the engine cranksnaft makes about 1.5 revolutions to one revolution of the propeller
shaft.
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COUNTERINAPT SECOND SMERED Glas

Fig 3-22. Transmission qears in second-speed position.

Third speed. The third-speed, or direct-drive, position of the gears is shown in
fiqure 3-73. 1In passing from second speed to third speed, the second-and-third speed
main shaft gear has been shifted forward, causing the internal teeth in this gear to
angage the external teeth on the main drive gear. A device of this kind, with
internal teeth on one member that mesh or enqage with external teeth on another
member, 1S often called a "doa clutch", or clutch gear. 1t makes a direct connection
hetween the input shaft and m: in shaft as shown hy the arrows {fiq 3-23). The
propeller shaft therefore rot.tes at crankshaft speed.

HCOND-AKD THRD-
WD OLAR MAIN DRIVE GEAR

MAL SHAFY

Fiq 3-23. Transmission gears in third-speed nr direct-drive position.
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Reverse. The resverse position of the qears is shown in fiqure 3-724, To hetter
11ustrate the reverse 1dler dear, the parts have heen turned end for end, and are shown from
the opbosite side from previous §1lustrations {figs 3-20 through 3.23). 1In passing from
neutral to reverece, the first-and-reverse speed main shaft qear has heen shifted rearward to
mesh with the reverse idler gear. The sole function of this qgear is to make the main shaft
rotate in the opposite direction to the input shaft, as shown hv the short, heavy arrows: it
does not influence the gear ratio hetween the countershaft reverse qear and the
first-and-reverse speed main shaft Qear. The Qear ratio between these qears is about 2. In

r:vgrse. the crankshaft rotates 1.5 x 2, or 2 times for every revolution of the propeller
shaft,

........

COUNTERSHAFY{
DRIVE GEAR COUNTERSHAFT
REVERSE GEAP

Fig 3-74, Transmission gears in reverse speed pDosition.

Helical qears. Tn modern oractice, helical qears are widely used hecause they run
more quietlv than spur qears. There is a side thrust on a helical qear, due to the anqularity
of the teeth, which tends to slide the qears out of mesh. This difficulty {s avoided in
constant-mesh transmissions because the gears do not slide on the shaft. When s1iding helical
qears are emploved in a transmission, the splines on which thev slide are also cut helically
to the same angle as the teeth; this offsets the side thrust,

Transmission controls. The three-soeed selective transmission descrihed previously is
overated hy a control level assembled to, and extending from, the control housing {fig 3-25},
The lever has a hall fulcrum fitting iInto a socket in the housing, It 1s kept from rotating
hy a setscrew entering a slot in the side of the hall fulcrum hut is free to move backward,
forward, and sidewise, The end of the lever below the ball fulcrum engages both stots, but
there §s an Interlock device fusuallv a hall or pin engaging notches in each shifter shaft)
that oermits one shifter shaft to move at a time, hut not both. This prevents two speeds
heing enqaged at once. When the control lever handle ts pressed to the left, the slot in the
first-and-reverse shifter shaft is enqaged and the fork can he moved backward or forward.
After the first-and-reverse shifter shaft has been returned to the neutral position, the
control lever can he pressed to the right and the second-and-third shifter shaft and fork can
he moved forward or hackward. The shifter shafts are held in the different speeds and the
neutral position hv spring-loaded balls or podDpets engaging notches in the shifter shafts.

Since 1939, the transmissfon control levers on the steering column have come into general
use. These are qenerally used with the synchromesh transmissions.

3-18

48




shome CONTROL HOUSING
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Fiq 3-25. Transmission shifting mechanism and control lever.

FXERTISE:  Answer the following questions and check vour responses aqainst those listed at
the end of this study unft.

1. The input shaft has an inteqral main drive gear and rotates with the

7. The main drive qear is in constant mesh with the drive
qear.

1. The transmission main shaft fs held in line with the input shaft by a pilot
hearing at its front end, which allows it to or

fndependently of the input shaft.

Work Unit 3-12. POWER-TAKEOFF .
NAME THE SIMPLEST TYPE OF POWER-TAKEDFF.

STATE WHAT IS NECESSARY FOR A VEHICLE TO REMAIN STATIONARY WHILE A TRANSFER-
MOUNTED POWER-TAKEOFF IS USED.

A power-takeoff §s an attachment for connecting the enqine to power-driven auxilfary
machinerv when its use is required. It is attached to the transmission, auxiliary
transminsion, or transfer case. A Dower-takeoff installed at the left side of a transmission
is shnwn in fiqure 3-26. It is used to drive a wich, located at the front of the truck,
throigh a4 yniversal foint and propeller shaft.
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Fiq 3-26. MWinch and power-takeoff installation.

The simplest tvpe of transmission power-takeoff {s the single-gear, sinqle-sbeed tve
shown in figures 3-27 and 3-28, This unit 1s bolted over an obening Provided for the purpose
at the side of the transmission case, This opening is closed by a cover plate when no
power-takeoff 1s used. The Power-takeoff qear meshes with a gear on the transmission
countershaft through the opening in the transmission case. As shown fn figure 3-27, the gear
slides on the splined main shaft, off which the power is taken. The shifter shaft, controlled
by a lever in the driver's cab, slides the gear in and out of mesh with the countershaft
gear. Since it is driven by the countershaft, the power-takeoff chaft rotates in the same
direction as the engine crankshaft.

Transmission power-takeoffs are available in several different desiyns: a
stnale-speed, two-qear model in which the rotatfon of the Power-takeoff shaft ¥s opposite to
that of the engine; a model having a single-sPeed forward and reverse; and a model having two
sbeeds forward and one reverse. Several different mountings are also avatlable.




Fiq 3-27. Sinqle-speed, single-gear Fig 3-28. Single-speed, single-gear
power-takeoff, power-takeoff--installed view.

The same tyPes of power-takeoffs are also applied to auxiliary transmissions {fiqg
3-29). Power 15 sometimes taken off a transfer case. The transfer case drive shaft, which is
connected to the transmission, extends through the case, and the power-takeoff shaft s
enqaqed to 1t by a doq clutch. This transfer case has two speeds and 3 neutral position. It
is necessary to put the transfer case sliding gear in the neutra) position 1f the vehicle s
to be stationary while the power-takeoff is in use. If the power-takeoff 1s needed while the
vehicle is 1n motion, the transfer case may be shifted either into high or low rande. With
this arrangement, the power-takeoff wi1l work on any speed of the transmission. The positions
of all the cab control levers of one mode) of vehicle are shown diagrammatically in figure
3-3n as they are placed on the instruction plate in the cab. When the power-takeoff clutch is
engaged, the winch capstan operates; but the winch drum does not rotate until the winch clutch
is engaged. The several types of power-takeoffs have heen described as operating winches, but
their uses for operating various kinds of hoists, pumps, and other auxiliary power-driven
machinerv are essentfally the same.
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EXERCISE:

by 3-30. Typical shift posttions of transfer and power-takeoff control
levers for two-speed transfer assembly with power-takeoff.

Answer the fo'lowing questfons and check your responses agafnst those 11,ted ai
the end of th s study unit.

The simplest type of power-takeoff is and

If a vehicle is to remain stationary while a transfer-mounted power-takeoff ts to
be used, it is necessary to shift the transfer into
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Work Unit 3-13. SERVIC 36 AND REPAIRS

INFNTIFY A LTMITATION TO THE SERVICE AND REPAIR OF THE TRANSMISSION.
The inspection .nd repaire ,f transmissions will oertain to the M151 series vehicles;
the maintenance 1s limited to secund echelon. Al information can he found in T
4.2320-218-20, Orqanizational Maintenance Manual.

Starting with Table ?-2, Preventive-Maintenance Checks and Serviccs, Dage 2-6,
sequence numher 18- transmissions,

Note operation in a1l qears.
Note ease of shifting.

Listen for unusuadl noises and inspect for siqns of malfunction or lubricant leakaqe.

Tahle 2-3, Trouhleshonting, will further aid in the insoection and repairs process
{oages ?-1? and ?2.13 of the manualld.

Tah] e ?.30

Transmission and Transfer

Trouhleshonting, transmission and transfer, orqanizationadl maintenance manual.

MALFUNCTION PROBARLE CAUSE CORRECTIVE ACTION
Hard aear shifting. 3. Too much clutch pedal free 3. Adfust pedal free play.
olavy.
b. Clutch disk or other clutch b. HNotify support maintenance.

S1ips out of qear.

Enqagement of two speeds.

parts damaqed.

Transmission Parts worn oOr

damaged.

Transmission Parts worn or

damaqed.

RePlace transmission and

transfer assembly.
Coordinate with
subPort maintenance.

Replace transmission and

transfer assembly.
Coordinate with
suppo.'t maintenance.

Luhricant 1eakaqe. 3. Lubricant Yevel too high 3. Drain to prober level.
in transmission. Refer to LO 9-230-218-12.
h. Leak at hearing retainer h. Remove screw, dip {n white
capscrew. 1ead.
c. Transmission expansion c. Notify supbort maintenance.
plugs loose.
d, Transmission cover qasket d. Tighten cover mounting
leak inqg. holts.
Transmission nnisy, a. Loose mounting bolts. a. Tiahten loose bholts,
h. Flwwheel housing alinement h. Notify supbort maintenance.
{ncorrect.
c. Insufficient Tubricant. c. F111 with proper lubricant.
d. Worn or damaged Darts. d. Replace transmission and
transfer assembly.
foordinate with
support maintenance,
Transfer will not enqaqe. a. Incorrect tubricant. 3. Refer to LO 9-2320-218-12,
b. Transfer worn or damaged. b. Replace transmission and

Transmission will not shift
out of 4th soeed qear,

Indicates lock up of

synchronizer sleeve in
over shift altitude due to
soeed shifting.
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transfer assemhly.
Coordinate with
subbort maintenance.

Notify subPPort maintenance.
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MALFINCTION PROHABLE CAUSE CORRECTIVE ACTION

Transmission will not shift Indicates faiiure of 3rd and Not.ify supbort maintenance.
out nf Ird speed gear. 4th speed shifter shaft due
to speed shifting.

The qearshift lever and housing are sealed hv 3 rubher hoot to prevent water from
entering the transmission. This hoot must he periodically inspected. A Praccure-type
hreather valve 1S located at the hase of the gearshift housing and must also bhe checked for
serviceability, If either the hoot or valve are unserviceahle, thev must be replaced. Fiqure
1-1 shows the location of the hoot and valve.

Fiq 3-31. Rubber boot and breather valve location.

A filler Plug 1S provided on the left Side of the transmission for checking and.
refilling the luhricant level.

When it 1S necessarv to replace a transmission With a new or reconditioned assembly,
refer to direct supPort maintenance.

EXFRCISE:  Answer the following question an’ check vour resptonse against the one listed at
the end of this study unif

1. A limitation to the service and repair of the transmission 1S . _
a. check gear ofl c. repnlace breather valve
h, refill gear ofl d. a1l the ahove

SIUMMARY -REVTEW

In this studv unit yvou have learned abo.' the manual shift transmissions, function and
tvoes. You learned ahout the constant-mesh and Synchromesh transmissions., tvpes of
transmission qears, the bearings and lubricants used in transmissions. the internal parts of
the transmissions. You also learned ahout the power-take off unit used with transmissions,
and the servicing and repairs limited to transmissions. Next vou will learn about the
transfer assemhlv,

Answers to Stirdy Unit #3 Exercises
Work linit 3-1.
] 1 3 d "
72, oroqressive, selective
1, cmstant-mesh, svnchromesh

1. stub tnoth
2. synchromesh
Y. cast iron )
4, nn top 53‘1
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work Unit 3-3.

1. move endwise on the shaft
2. hellcat gpars

Kork lnit 3-4.

1. permit quiet gear selecion
Wnrk lnit 1.5,

1. 11

*. lever pivot point support

3. decreased, increased
Wrek tntt 3-6,

1. Steering aear housina
Work 1nit 3-7.

1. Soeed dxcrease
Work tnit 3.5,

1. Sucport moving parts

% radal
Work Unit 3-9,

1. Operatina temperature
Work Unit 3-10.

1. house
?. shifter mechanism

work Unit 3-11.

1. clutch driven plate

?. counter shaft

3. rotate, come to rest
work Unit 3-12.

1. sinqle dear, single sPeed

?. neutral

Work Unit 3-13.

1. d.
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STUDY UNIT 4
TRANSFER ASSEMBLY

STUDY UNIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL
IOENTIFY THE PURPOSE, OPERATION, SERVICING, ANO REPAIRS OF THE TRANSFER ASSEMBLY.
IN ADDITION, YOU WILL IOENTIFY THE PURPOSE OF THE OVERRUNNING SPRAG UNITS, THE

CONSTRUCTION ANO OPERATION OF THE SPRAG UNIT, ANO THE AIR CONTROLLEO DOUBLE SPRAG
UNIT.

Section I. [INTROOUCTION TO TRANSFERS
Work Unit 4-1. PURPOSE

STATE THE PURPOSE OF THE TRANSFER ASSEMBLY.
IOENTIFY AN ABNORMAL CHARACTERISTIC OF A TRANSFER ASSEMBLY.

Transfer as.emb! fes

Purpose. With the additfon of front wheels as driving members of a vehicle to supply
more traction, the need for a transfer assembly became imperative. The transfer assembly
(figs 4.1 and 4-2) an auxilfary gear train on all-wheel-drive vehicles, enables the power to
be divided or transferred to both forward and rear propeller shafts, and provides a means of
Towering the power train components sufficiently to permit the forward propeller shaft to
clear the engine crankcase, The transfer is essentially a two-speed transmission unit {low
and direct drive), but may include an additional gear reduction.

FRONT aNLE

A—MAINSHAPT COMSTANT MEIN Ofat H—DRIVE SHAFT CONSTANT MESH GEAR
B —MAINSHAFT SUDING OLAR J—AEAR AXLE (FRONT UMIT) DRIVE SMAFI
Cat A EEHAST

$—FAR AXLE (MRAR UNIT) DRPVE (AR
2—AtAR AXLE REAR UMIT) DIIVE GRAR ASSOMILY M—ORVE SAFT SO OLAR
P=—{OUEN SMAFT CONBTAMT MEEN OEAR N-DUR SHAFT LOW SPERD GRAR
O—I0UH Sty P—dDLBR SHAFT CONBTANT M2SM ORAN

Fig 4-1, Transfer assembly--cross-sectional view,
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Fig 4-2. Transfer assembly power flow shown by arrows.

Operation. In the high ratio (1:1), when driving both the front and rear axles, the
external Eeefﬁ of the sliding gear (splined to the transmission main shaft} are in mesh with
the internal teeth of the constant mesh gear mounted on this shaft. Likewise, the external
teeth of the front-axle sliding gear are in mesh with internal teeth on the constant-mesh gear
or the s11dinqQ clutches are engaged. Disengagement of the drive to the front axle is
accomplished by shifting the slidiny gear on the front-axle main shaft out of mesh with the

const ant-mesh gear, permitting the latter to roll free on the shaft, or sliding the clutches
out of mesh,

When using the low ratio in the transfer assembly, the sliding qear on the
transmission main shaft is disengaged from the constant-mesh gear and engaged with the idler
qear on the idler shaft. This reduces the speed by having the sliding gear mesh with the
larqger idler g2ar. The shifting )inkage on some vehicles is so arranged that shifting into
the low ranqQe is possible only when tha drive to the front axle is engaged. This prevents the
driver from applying maximum torque to the rear drive only, which might cause damage.

EXERCISE:  Answer the following qQuestions and check your responses aqainst those 1isted at
the end of this study unit.

1. The purpise of the transfer assembly is to enable the to he
to both forward and rear propeller sharts.

?. Which of the fallowing is an abnormal characteristic of a transfer assemhly?

a. Provides a means of lowering the power train

h., Permits the forward propeller shaft to clear the engine crankcase
c. It 1s essentially a two-speed transmission.

d. It allows drive to front wheels only.

Section II. SPRAG UNIT
Work Unit 4-2. PURPOSE OF THE SPRAG UNIT
STATE THE LOCATION OF THE SPRAG UNIT IN THE TRANSFER.

Some transfers contain an overrunning sprag unit (or units) on the front output
shaft. On these units the transfer is designed to drive the front axle slightly slower than
the rear axle, During normal operation, when both front and rear wheels turn at the same
spred, only the rear wheels drive the vehicle. However, 1f the rear wheels should lose
traction and hegin to slip, they tend to turn faster than the front wheels. As this happens,
the spraq unit automatically engages so that the front wheels also drive the vehicle. The
sprag unit simply provides an automatic means of engaging the front wheels in drive whenever
additional tractive ecffort is required. There are two types of sprag-unit-equipped transfers:

a sinqle-sprag-unit transfer and a double-sprag-unit transfer. Essentially, hoth types work
in the same manner.
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EXERCISE:  Answer the following question and check your response against the one listed at
the end of this study unit.

1. The sprag unit 4n the transfer 1s located on the front

Work Unft 4-3. SPRAG UNIT CONSTRUCTION AND OPERATION
STATE THE ACYION OF A UNIT SIMILAR TO THE ACTION OF A TRANSFER ASSEMBLY SPRAG UNIT.
DESCRIBE THE RESULT OF THE DOUBLE SPRAG UNIT WHEN SHIFTED INTO REVERSE.

GIVEN A VEHICLE USING A SPRAG UNIT THAT IS PUSHED BACKWARDS, NAME THE GEAR THE
TRANSMISSTON MUST BE SHIFTED INTO.

The transfer assembly is very similar to that described in previous paragraphs, the
essential difference being that a sprag unit has been substituted for the hand-operated
s1§ding clutch on the front output shaft. The sprag unit acts as an overrunning clutch,
permitting the front wheels to turn freely at the same speed as the rear wheels, but locking
up to drive the front wheelS when the rear wheels tend to turn faster than the front wheels
(as when the rear wheels lose traction and s)ip).

Sprag. A sprag (fig 4-3) s a steel blork so shaped as to act as a wedge in the
complete assembly. In the sprag unit under discussion, there are 42 sprags assembled into an
outer race and held in place by two energizing springs (fig 4-4). The springs fit into the
notches in the ends of the sprags and hold them in posftion. The outer race s in the driven
gear on the front output shaft. The fnner race s on the front output shaft ftself.

NOTCHES PR |

Fig 4-3. Sprag.

Single-sprag-unit operation. ODuring normal operation, when front and rear wheels of
the vehicle are turning at the same speed, the outer race of the sprag unit {in the driven
gear) turns a Vittle slower than the inner race {on the front output shaft). This prevents
the sprags from wedging between the races {fig-4-5). No lockup occurs and the front wheels
turn freely; they are not driven. However, If the rear wheels should lose traction and tend
to turn faster than the front wheels, the outer race tends to turn faster than the inner
race. When this happens, the sprags wedge or jam between the two races and the races turn as
a unit to provide driving power to the front wheels. Just as soon as the rear wheels regain
traction so that they slow down to front-wheel speed, the outer race slows down §n relation to
the fnner race and the sprag-unit releases. The action s shown schematically in figure 4-6.
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R iSeRAG UNIT
IOUTER RACE ‘

Fig 4-4, AsSembling sprags into outer race in the front output shaft driven gear.

INNER

RACE
OVERRUNNING INNES LOCKk UP QUTEP PACE
RACE ROTATES FASTE ATTEMPTS TO RTVATE
THAN QUTER ®aCE FASTER THAN IMwER RACE
SPRAGS ARE FREE SPRAGS ARE WEDSED

Fig 4.5, Spraq unit overrunning and locked up,

Single-sprag-unit nperation in reverse. In reverse, it is necessary to lock out the
sinqle-sprag unit, since rotation is reversed, and this means that no driving can be achieved
through the sprag units at all. Lockout is accomplished through a linkage to the transmission
that shifts a reverse-shift collar in the transfer. As the reverse-shift collar is shifted,
intwrnal splines in the collar mesh with external splines on the reverse-shift driven qear and
on the feont ouput driven gear s0 there is a snlid drive around the sprag unit,
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Fig 4-6. Principle of sprag-unit action.

ou}
TRANSMISSION
0 t 10
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LOW FORWARD HIGH REVERSE NEUTRAL ITION
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Fi *.7. Power flow diagram through transfer.




Oouble-spraq unit. The double-sprag unit operates the same way as the single-sprag
unit in rorwara speedas. In reverse, however, the difference between the two units becomes
apparent, In the double-Sprag unit, a second sprag unit has been tncluded which comes into
operation only in reverse. When the shift fs made to reverse, the forward sprag unit is
locked out, almost exactly as described fn the single-sprag unit. However, the reverse sprag
unit comes into operation. The front wheels drive, in reverse, when the rear wheels lose
traction and tend to revolve faster than the front wheels. The shift from one sprag unit to
the other fs accomplfished by a 11inkage to the transmission that shifts a reverse-shift collar
fn the transfer. As the reverse-shift collar ts shifted, internal splfnes $n the collar
unmesh from the external splines on the outer race of one sprag unit and mesh with the
external splifnes on the other sprag unit.

Alr-controlled double-sprag unft

General. Fiqure 4.7 shows the power flow fn the transfer unit using the
afr-controlled double-sprag unit described in the next paragraph.

The double-sprag unit has the same function as that described in previous
paragraphs, the essential difference being that there 1s an air valve on the
transmission low and reverse-shifter shaft, which automatically shifts the sprag unit
to forward or reverse whenéever the main transmisston is shifted to forward or reverse.

Construction and operation. Figure 4-8 1s the alr-control diagram of the transmissfon
and transtrer assemply using an air-controlled double-sprag unit. When the transmission is in
neutral or a forward gearshift position, and there s compressed afr in the compressed air
system of the vehicle, the afr cylinder control valve (A, fig 4-B) will be so positioned as to
admit alr under pressure from the compressed alr system fnto the shift afr cylinder assembly
(H, fig 4-B). The afr 1s then admitted to the forward-shift side of the spring-balanced
piston 1n the cylinder. The piston is thereby moved and causes engagement of the forward
sprag unit. When the transmisston fs shifted tnto reverse, the atr cylinder control valve
admits atr to the obposite side of the piston, causing engagement of the reverse sprag unit.
When the forward sprag unit fs engaged, the front wheels will freewheel or turn only in a
forward direction. Likewise, {f the reverse sprag unit fs engaged, the front wheels cannot be
turned 1n a forward dfrection. Also, 1f a vehicle with air pressure fn the system {s parked
with the transmission shift lever fn neutral position, it cannot be pushed backward unttl the
transmission shift lever 1s shifted to reverse.




EXERCISE:

Fiq 4-8. Air control dfagram of transmission and transfer assembly using an
air-controlled double-sprag unit.

Answer the following questions and check your responses against those 1isted at
the end of this study unit.

The action of the transfer sprag unit is Similar to a (an)

When the doub'e Sprag unit fs shifted into reverse, the front wheels

when the rear wheels traction.

When a vehicle using a sprag unit is to be pushed backwards, the transmission must
be shifted into gear.
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work Unit 4-4, SERVICING AND ADJUSTMENT

STATE TWO LIMITATIONS WHEN SERVICING AND REPAIRING THE TRANSFER ASSEMBLY.

Servicing and adjustment of transfers will pertain to the five ton M54 series
vehicle. Maintenance is limited to second echelon. All information can be found in TM
9-2320-211-20 anizational Maintenance Manual, starting with table 2-2. Preventive
Maintenance and Services, page 2-8. sequence number 14- transmission and transfer.

Note the operation in al) geadrs and check for ease of shifting. Listen for unusual
noises, Note any stiffness or tendency to slip out of gear. If the transmission or transfer
proves to be defective, notify direct support maintenance.

Table 2-3, Troubleshooting, will further aid in the servicing and adjustment process,
page 2-13, Transmission and transfer.

Table 2-3. Troubleshooting transmission and transfer, organizational maintenance manual.
Transmission and Transfer

MALFUNCTION PROBABLE CAUSE CORRECTIVE ACTION

Excessive notse. a. Insufficient lubrication. Check level and if required, add
lubricant according to
lubricat jon order
(L0 9-2320-211-12),

b, Propeller shaft misalined Check universal joints for worn
or out of balance. needle bearings. Replace if
necessary. Check propeller
shaft for alinement and check
flanges for loose mounting

bolts.
Loss of lubricant. a. Loose drain plugs. Tighten drain plugs.
b, Damaged gaskets, seals, or  Notify supporting maintenance
housings. personnel,
c. Inoperative ventilating Clean ventilating valves.
valves,
Excessive Tubricant. Overfilled. Check lubricant level and drain

to level of filler plug.




MAINTENANCE OF TRANSFER
SERVI(CE

Check the lubrication level when changing
engine of] or troubleshooting the
transfer. If necessary, add lubricant
according to the lubrication order
(L0 9-2320-211-12).

BREATHER VENT

Removal. Remove the bireather vent
by rotating it counterclockwise.

Installation. Secure the breather
vent In place with clockwise rotation.

CONTROLS ANO LINKAGE REPAIR
Weld, straighten, or replace any broken,

bent, or damaged controls or 1inkage
parts as necessary.

AIR SHIFT LINES ANO CONNECTORS

Fig 4-9. Removing air shift lines and
connectors.

Removal. From underneath the
vehicle, unscrew the afr shift line
connectors {fig 4-9) at the junction
of the rigid and flexible lines.

Note: Place identification tags on the afr shift 1ines to factlitate fnstallation.
Inspect and Repafr. Inspect the 1ines and connectors for damage. Replace any
damaged 1ines or connectors.
Installation. Connect the flexible lines at the left front of the transfer to the
rigid 1ines al the top rea of the transmission. Tighten the connectors (fig 4-9).

EXERCISE:  Answer the following question and check your response against the one listed at
the end of this study unit.

1. The servicing and repairs of the transfer ass~ y are limited
to

SUMMARY REVIEW

In this study unit, you learned the purpose and operatfon of the transfer assemhbly.
You also learned the purpose, construction and operation of the sprag unit.

Answers L Study Unit #4 Exercises
Work Unit 4-1.

1. power, divided
2. d.

Work Unit 4-2.
1. output shaft




Work Unit 4-3,
1. overrunning clutch
2., drive, lose
3. reyerse

Work Unit 4-4.

1. Checking and refiling of Tubricant
2. Inspecting and repairing of air lines




STUDY UNIT §
UNIVERSAL JOINTS, PROPELLER SHAFTS ANO SLIP JOINTS

STUDY UNIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL
IOENTIFY THE UNIVERSAL JOINT, TYPES OF U-JOINTS, ANO SLIP JOINTS. YOU WILL ALSO
TOENTIFY THE TORSIONAL STRESS OF A PROPELLER SHAFT AND THE PROPER MAINTENANCE
PROCEDURE FOR ALL STATED PARTS.

Sectfon I. UNIVERSAL JOINTS
Work Unit 5-1, DEFINITION

STATE THE PURPOSE OF CONNECTING UNIVERSAL JOINTS TO A PROPELLER SHAFT.
NAME THE UNIT CONSISTING OF TWO YOKES ANO ONE JOURKAL.

A universal joint is a flexthle coupling between two shafts that permits one shaft to
drive another shaft at an angle to it. It §s flexible in the sense that it will permit gouer
to be transmitted while the angle between the shaft is being continually varted. A simple
unfversal joint {1lustrated in figure 5-1 is composed of three fundamental units: one journal
and two yokes. The two yokes are set at right angles to each other, and their open ends are
jotned by the journal, This construction permits each yoke to pfvot on the axis of the
Journal and also permits the transmissfon of the rotary motion from one yoke to the other. As
a result, the universal joint can transmit the power from the engine through the shaft to the
rear axle, even though the engine is rigidly mounted in the frame at a higher level than the
rear axle, which is constantly moving up and down in relation to the frame.

Fig §-1. Simple unfversal Jjoint.

EXERCISE:  Answer the following questions and check your responses agafnst those 1isted at
the end of this study untt.

1. Universal joints are used for connecting propeller sl .fts because they can
transmit o at .

2. A universal joint consisting of two yokes and one journal is referred to as
a unfversal joint.

work Unit 5-2, CHARACTERISTICS OF OPERATION

STATE THE SPEED FLUCTUATION OF A PROPELLER SHAFT OPERATING AT A 300 ANGLE TC A
1AIVERSAL JOINT.

STATE WHAT YOU SHOULO 00 TO COMPENSATE FOR SPEEQ FLUCTUATION.

5~1
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Characteristics of operation. A peculfarity of the conventional universal joint fs
that 1t causes & driven shaft to rotate at a variable speed in respect to the driving shaft.
It has been found that there 1s a cyclic variation, in the form of an acceleration and a
deceleration of speed, twice durin? each revolution. The extent of such fluctuation depends
on the amount of angularitx, rou?h y about 7 percent for an angle of 159, and about 30
percent for an angle of 30°, This fact is shown graphically in figure 5-2, where the
variations of the angular velocity during one revolution of a shaft driven through a
conventional universal joint are plotted. The driving shaft 1s running at a constant velocity
of 1,000 rpm, and the angle between the shafts 1s 300, Sketches of the universal Joint
positions at the minimum and maximum velocity fluctuation points are placed above the
corresponding portions of the curve to enable the reader to correlate the curve with the
action of the yoke and journal, of the universal joint.

Fig 5-2. Speed fluctuations caused by conventional joints.

In a quarter of a revolution, the sgeed of the driven shaft varies from a minimum of
866 to a maximum of 1,155 rpm. The speed of the driven shaft equals that of the driving shaft
at four points during the revolution; that 1s, 450, 1350, 2250, and 3159, where the

curve intersects the constant velocity (dotted) Iine. The extent of each fluctuation depends
on the size ot the angle petween the shafts; the greater the angle, the greater the varfation
in the speed of the two shafts. This variation of velocity cannot be eliminated with a simple
universal joint, but its effect can be minimized by using two universal joints (one at each
end of the shaft). If only one joint is used between the transmission and the rear axle, the
acceleration and deceleration caused by the joint 1s resisted on one end by the engine and on
the other end by the inertia of the vehicle. The combined action of these two forces produces
great stress on all parts of the power train and, in addition, results 1n a nonuniform force
being applied to the wheels. When two universal joints are employed, the second joint 1s used
to compensate for the speed fluctuations caused by the first. In order to accompiish this,
the angle between the transmission shaft and the propeller shaft must be the same as the angle
between the propeller shaft and the final drive of the rear axle. Another requirement 1s that
the two yokes of the universal joint which are attached to the propeller shaft be in the same
plane. If the yokes of the joints attached to the propeller shaft are in the same plane, the
driving yoke of the first joint will pe at an angle of 900 with the driving yoke of the
second. The two yokes attached to the gropeller shaft act as the driven yoke of the first
Joint and the driving yoke of the second joint respectively (fig 5-3). With this arrangement,
the first joint 1s producing 1ts maximum fluctuation at the same time the second Joint is
producing 1ts minimum fluctuatfon. This results in a nonvaryin? wheel speed for a given
engine speed, even though the speed of the shaft between the joints s constantly changing.

6/
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Fig 5-3. Propeller shaft and universai joints disassembled.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. A progeller shaft ustng a conventfonal universal joint and operating at an angle
of 30° to the driving shaft has a speed fluctuation of about
percent.

2, To compensate for speed fluctuattons of propeller shafts using conventional
untversal jotnts, you should attach the yokes tn the
with each other.

work Unit §-3. TYPES OF UNIVERSAL JOINTS
IDENTIFY THE UNIVERSAL JOINT USED ON FRONT WHEEL DRIVES TO AIO IN STEERING.
NAME THE JOINT THAT MAKES USE OF A CAGE TO CONTROL THE BALL MOVEMENT.

GIVEN A DRIVEN SHAFT OF A CONSTANT VELOCITY JOINT THAT IS MOVING THROUGH AN ANilt
OF 20 DEGREES, STATE THE PLANE OF DRIVING ENGAGEMENT DEGREE.

In an actual universal joint, bearings are fncluded at the four potnts where the
Journal fs attached to the yokes. In addition, one of the yokes usually fncorporates a
splined slip jotnt. In one type universal joint (the ball-and-trunnton type), the universal
Joint itself fncorporates a feature that permits vartations in ‘ength of the propeller shaft.
Differeni types of universal joints «re discussed fn the following paragraphs.

Journal-type untversal joint. There are several vartattons of this type of universal
Joint, two of whicn are shown fn figures 5-4 and §-5. The different universal joints of this
type vary from each other matnly in the manner fn which the journal fs attached to the driving
and driven yokes. For example, fn the unfiversal joint shown in figure S-4, the journal fs
assembled tn the shaft and slip yokes, while the bearing assemblies are inserted from the
outside and secured by spring bearing retafners fnside the yokes. The bearings on the
transverse ends of the journal are clamped to the flange yvkes and secured from outward
movement by bearing retatners. The unfversal jofnt shown i figure 5-5 differs from that
shown in figure 5-4 in the manner #n which the journal ts atvtached to the flange yoke. In
this universal joint, the bearfng assembly s contatned fn beartng blocks. The blocks are
mo:nted against the flange yokes and secured with bolts extending longftudinally through the
yokes.
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SPLI' /ED SLIP JOINT

Fig 5-4. Universal joint--partially cutawdy view.

Fig 5-5. Universal joint--partially cutaway view.

Ball-and-trunnion type. Two u..iversal joiats of the ball-and-trunnion type are used
in an appTication, one on each end of the propeller shaft. This type joint 1S shown in
figures 5-6, 5-7, and 5-8. There is a trun..on pin through the end of the propeller shaft.
The pin 1s fitted with balls which ride in grooves in the flanged body. The balls are
assembled on bea~ ‘ngs <o they can rotate with Iittle friction., Compensated springs at each
end of the propeiis: shait hold it in & centered position. Variations in length are permitted
by the longitudinal movement of the balls in the Lcdy grooves, and angular displacement is
alTowed by outward movement of the balls on the trunnfon pins This type universal joint is
easily recognized by the flexible dust boot that covers it, ‘he model shown 1n figure 5-8 is
a special, waterproofed unit for yse in amphibious caryo carrisrs where it will pe submerged
in water. Note the manner in which a rubber O-ring 1S used to improve the seal of the dust

boot to the body.




COMPENSATING WM

Fig 5-6. Universal joint of the ball-and-trunnion type--partially cutaway view.
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Fig §-7. Propeller shaft using ball-and-trunnion universal joints.
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Fig 5-8. Spectal waterproofed ball-and-trunnion universal joint.

Constant-velocity universal jofnts

General

The speed fluctuations caused by the conventional universal joints do not cause much
dif ficulty fn automotive propeller shafts where they have to drive through small angles only.
In front-wheel drives where the wheels are cramped up to 30° fn steering, velocity
fluctuatfons present a serfous problem. Conventfonal universal jofnts would cause hard
steeriny, slfppage, and tire wear each time the vehicle turned the corner. Constant-velocity
universal joints, which eliminate the pulsations, are used exclusively today to connect the
front axle shaft to the driving wheels. The conventional universal joint produces velocity
fluctuatfons because the journal connecting the two yokes does not allow free movement other
than a pivoting actton. Velocity fluctuations occur because the journal tilts back and forth
(wobbles) as the jofnt rotates. This tiltfng movement is translated into rotary movement and,
when the journal tilts toward the output shaft, ft adds to the speed of the output; and when
the journal tflts away from the output shaft, it subtracts from the speed and the cutput shaft
rotates slower than the fnput shaft. The only time that the speeds of the two shafts are
equal 1S when the journal! lies in the plane which bisects the angle between the two shafts.

It can be seen that a universal joint transmitting constant velocity must be designed
to permit the point of driving contact between the two ha?ves of the coupling to rematn fn a
plane which bisects the angle between the two shafts. If this 1s accomplished, some
arrangements must be made for the points of the driving contact to move laterally as the joint
rotates. Keeping this in mind, it will be easter Lo understand the principles of
constant-velocity joints which are in unfversal use today. Two types used in Army vehicles
are the Rzeppa and Bendix-Weiss. These types are discussed separately to show that, in all, a
plane passed through the points of the driving engagement will at all times bisect the angle
between the driviny and the driven shaft.

Rzeppa universal joint

The Rzeppa jofnt is a ball bearing type fn which the balls furnish the only points of
driving contact between the two halves of the coupling. The details of the component parts,
adapted for use in a front driving axle, are shown in figure 5-9. The inner race (driving
member) fs splined to the inner axle shaft; the outer race (driven member) fs a spherical
housing which 1S an integral part of the outer shaft; the ball cage is fitted between the two
races. The close spherical fit tetween the three matn members supgorts the fnner shaft
whenever it is required to s1ide in the fnner race, relieving the balls of any duty other (han
the transmission of power.

5-6
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Fig 5-9. Rzeppa constant velocity un.sersal joint--disassembled view.

The movement of the six balls s controlled by the cage. The cage positions the balls
in a plane at right anyles to the two shafts when the shafts are in the same lfne. A pilot
pin, located in the outer shaft, moves the pilot and the cage by a simple leverage fn cuch a
manner that the anyuiar movement of the cage and the balls is one-half the angular movement of
the drfven shaft. When the driven shaft s moved 20°, the cage and the bails move 100,

As a result, the balls of the constant-velocity unfversal joint are positioned from the top

view, to bisect the angle formed (fig 5-10).

Fig 5-10. Rzeppa constant-velocfty universal joint--cross-sectional view.

Bend ix-Wefss universal joint

The Bendix-Weiss jofnt (figs 6-11, 6-12, and 5-13) also uses balls which furnish
potnts of driving contact, but fts constructfon differs from that of the Rzeppa fn that the
balls are a tight fit between the two halves of the coupl’ng and no cage fs used. The center
ball rotates on & pin fnserted in the outer race, and serves as a locking medfum for the four
other balls. The drivin? contact remains on the plane which bisects the angle between the two
shafts, but it is the rollfng frictfon between the four balls and the unfversal jofnt housing

that positions the balls.

The manner in which this action is accomplished can best be fllustrated by placfng a
ruler across a round pencil on a table; if the ruler fs moved to cause the pencfl to roll
without slipping, the pencil travel is exactls half that of the ruler.

5«7
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In this example there are three objects: the table tcn, the pencil, and the ruler;
two of which are movable members, and the third stationary. The inner race can be considered
as the stationary table top, the ball as the pencil, and the driven race as the ruler. The

Same relative motion between the pencil and the ruler occurs between the outer (driven )race

and the balls in the constant-velocity joint because the balls fit tight enough in the
coupling to prevent slippage. The only difference is that motion of the pencil was limited to
rolling in a direction perpendicular to the long axis of the pencil, whereas the balls may
move in any direction. When both shafts of the constant-veiocity joint are in 1ine, that f1s,
at an angle of 1800, the balls 11e in a plane which 15 at 900 to tha shafts., If 1t is

assumed that the driving shaft remains in the original position, any movement of the driven
shaft out of this 1ine will cause the balls to move one-half the angular distance. Therefore,
if the driven shaft moves through an angle of 200, the angle between the shafts will be
reduced to 1600, the balls will move 10° in the same direction, and the angle between the
driving shaft and the plane in which the balls 1ie will be reduced to 80° fulfilling the
requirement that the balls must 1ie in the plane which bisects the angle of drive.

Fig 5~11, Bendix-Weiss constant-velocity universal joint--assembled view.
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Fig 5-12. Bendix-Weiss constant-velocity universal joint--disassembled view.
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Fig 5-13. Bendix-Weiss universal joint installed on vehicle.

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit.

1. Which universal joint is used on front wheel drive vehicles to aid in steering?

a. Constant velocity ¢. Semi velocity
b. Simple velocity d. Journal velocity
2. The type of constant-velocity universal joint makes use of a

cage to contro! the movement of balls.

3. uhen the driven shaft of a constant-velocity joint moves through an angle of
209, the plane of driving engagement moves degrees.
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Sectfon II. PROPELLER SHAFTS AND SLIP JOINTS
Work Unit 5-4. PROPELLER SHAFTS

NAME THE DEVICE THAT TRANSMITS POWER THROUGH AN ANGLE BY MEANS OF A UNIVERSAL
JOINT AND CARRIES IT TO THE POWER TRAIN.

NAME THE POINT WHERE TORSIONAL STRESS IS GREATEST IN A DRIVE SHAFT.
Propeller shafts and slip joints

Propeller shafts. The power, having been transmitted throuEh an angle by means of a
unfversal Joint, 1S next carrfed along the power train by a device known as a propeller, or
drive, shaft (figs 5-14 and 5-15). Propeller shaft fs the most cotmon term; however, efther
may be used. In amphibfous vehicles both terms are used: propeller shaft to fndicate the
device which transmits power to the propeller, and drive shaft to indicate that which
transmits power to the wheels. Propeller shafts may be the solid or the tubular type. The
torsional stress in a shaft varfes from zero at the axis to a waximum at the outside. Since
the center of the shaft resists only a small portion of the load, hollow shafts are used
wherever practfcable. A solid shaft is somewhat stronger than a hollow shaft of the same
diameter, but a hollow shaft fs much stronger than a solfd shaft of the same weight.

EXERCISE:  Answer the following questfons and check your responses against those listed at
the end of this study unit.

1. Power beiny tramsmitted through an angle by means of a untversal joint fs next
carried along the power train by a device known as a {an)

2. Torstonal stress fn a vehicle drive shaft is greatest on
the , ___ of the shaft.

Work Unft 5-5. SLIP JOINTS
STATE WHY SLIP JOINTS ARE USED ON PROPELLER SHAFTS.

Because flexing of the s?rings causes the axle houstng to move forward and backward,
some provisfon must be made to allow the propeller shaft to contract and expand. A device
known as a slip joint provides the necessary telescopic action for the propeller shaft. A
sltp jofnt consists of a male and female spline, a grease seal, and a lubrication fitti:g.
The male spline is an integral part of the :ropeller <haft (fig 5-15) and the female portion
ts fixed to the unfversal joint directly behind the transmission or transfer case. As the
axle housing moves forward and backward the slip joint gives freedom of movement in a
hortzontal direction and yet s capable of transmitting rotary motion.
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PROPELLER SHAFY

Fig 5-14, Diagram of axle driving propeller shafts.
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Ftg 5-15. Propeller shaft and universal jofnts disassembled.

EXERCISE:  Answer the following questfon and check your response against the one listed at
the end of this study unit.

1. Slip joints are used on propeller shafts to allow for the
action of shafts,

Work Untt 5-6. SERVICING AND REPAIRS

NAME THE TWO REPAIR AND SERVICE NEEDS NECESSARY ON THE UNIVERSAL JOINTS, PROPELLER
SHAFTS AND SLIP JOINTS.

Servicfiy and repatrs of the untiversal joint will be covered on the M54 series
vehfcles and the M151 series vehfcles. The mafntenance fs second echelon.

M54 Series vehicles

. Tighten axle shaft drive flange bolts to 70-80 ft. 1bs. Inspect propeller shafts and
universal jofnts for loose bearfngs, damaged seals, damaged lybe fittings, and bent shafts.
Inspect for looseness of bolts. Replace damaged components and tfghten loose hardware.

Table 2-3, Troubleshooting, will further atd fn the servicing and repatrs process,
page 2-13. Propeller Shafts.

Table 2-3. Troubleshooting, propeller shafts, organizatfonal maintenance manual.

PROPELLER SHAFTS

MALFUNCTION PROBABLE CAUSE CORRECTIVE ACTION

Excess fve noise or vibratfon, a. Lack of lubricatton. Lubrfcate according to

lubricatton order
(LO 9-2320-211-12),
b. Worn universal joint parts. Replace worn parts.
C. Worn slip joints. Remove propeller shaft.
Check conditfon of slip-
Jofnt splines and replace
slip joint if necessary.
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MALFUNCTIONS PROBALBLE CAUSE CORRECTIVE ACTION

d. Loose drive flange boits. Tighten flange bolts
attaching drive flange to
to propeller shaft and
transmission,

e. Shaft sprung from contact Replace propeller shaft.

with obstruction.

General

Four propeller shafts with universal joint assembifes (fig 5-16) at both ends; the
transmiss fon-to-transfer, transfer-to-front axle, transfer-to-forward-rear axie, and the
forward-rear-axle-to-rear axle shafts; transmit power from the transmissfon to the transfer
and the front and rear axles. In addition, propeller shafts are used to transmit power from
the power takeoff to the front winch {on those vehicles equipped with a front winch), from the
power takeoff to the hydraulic hoist pump (on M51 and M51A2 models), from the power takeoff to
the power divider (on M62 models only), and from the power takeoff to the crane hydraulic pump
(on M246 model only).

Propeller shaft (with yoke-mounted universsl joints)

Removal

Bend the two locking plates down, and remove the four ca;screws {two screws to each
plate) securing the universal joints to the driven yoke (fig 5-17).

Remove the locking plates, and separate the propeller shaft assembly (incliuding
universal joint journal} from the driven yoke (fig §-17).

Repeat the two steﬂs above at the other end of the propeller shaft, and remove the
shaft assembly from the vehicle.
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Fig 5-16, Diagram of axle driving propeller shafts,

PROPELLER SHAFT YOKE
PROPELLER SHAFT JOUNAL

CAP SCEW

JOURNAL BEARING

LOCKING PLATE

DRIVEN YOut

Fig 5-17. Yoke-mounted universal joint,
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Disassembly
position the propeller shaft assembly in a vise.

Remove the universal jo.nt assembly (one from each end of shaft) by bending the
locking plates (fig 5-19) down and removing the four screws securing the two locking plates.

With the propeller shaft assembly (fig 5-18) still secured in the vise, remove the
dust cap from the yoke, and slip the cap onto the propeller shaft splines.

Remove the s1ip yoke from the propeller shaft splined end (fig 5-18}.
STide dust cap off propeller shaft, and remove three washers.

To disassemble universa) joints, remove four hearings (1, fig 5-19} cork washers, (2}
and dust shields (3) from cross journal shafts (5).

If necessary, remove Jubrication fitting (4) from cross journal,

SLIP YOKE AS:EMBLY

L
T

Dyst Cap
PROPELLER SHAFT

Fig 5-18. Propeller shaft assembly.
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Fig 5-19, Disassembly of untversal joint.

Repafr

Inspect the cross journal bearing surfaces for nicks, burrs, and scratches. Also
tnspect all four shafts and bearing caps for sfgns of excesstve wear. 1In addftion, dust
shields should be checked for a bent conditfon.

If any tndfcation of damage tn figure 5-19 (1)} above is apparent, replace the entire
universal joint assembly. This includes cork washers, dust shields, bearfng caps, locking
plates, screws, and the cross journal. Always replace cork washers.

Clean all parts in a drycleaning solvent or minerai spirtts patnt thinner. Allow the
parts to soak fn solvent for a short time if possible. Use a small, stiff-bristle brush to
remove any remafning dirt.

Rinse the parts in a clean solvent and dry them with compressed atr. Always protect
the parts from any wind=blown dust or falling dirt until the parts are assembled.

Inspect the propeller shaft and slfp yoke splines and all threaded areas of the
various parts.

Inspect the slip yoke and propeller shaft for cracks, excessive wear, and bent
conditfon. Also check the yoke journal opening for possible distortion.

If the yoke or proteller shaft is damaged, replace the damaged part. If necessary,
replace the entire s)ip yoke and propeller shaft assembly.

If necessary, replace the splft washer and or cork washer for the slfp yoke.

Inspect all lubrication fittings for clear passageways and signs of other damage. 1If
necessary, replace fittings.

Assembly
Secure the propeller shaft tn a suftable vise.
Slide thf dust cap (with washers positioned under cap) onto the spltned end of the
propeller shaft (fig 5-18).
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Position the s1

:R yoke onto the propeller shaft splined end, and screw the dust cap
assembly into place on the s1ip yoke (fig 5-18).

If necessary, assemble the universal joints by positfoning the four dust shields (3,
f19 5-19), cork washers (2), and bearings (1) onto the cross journal shafts (S). If removed,
install the Tubrication fitting {4} on the cross journal.

Position the f1an?es of the bearing journals to the yoke ends (fig 5-17}. Secure the
universal joint assembly {(one at each end of the shaft assembly) to the propeller shaft yoke
with two locking plates (7, fig 5-19) and four capscrews (6, fig 5-19).

Installation

Note: Always install propeller shafts so the slip joint s at the power input end of
the shaft assembly.

Secure the propeller shaft and universal joint assembly to the driven yoke (fig 5-17)
with two locking plates (7, £1g 5-19) and four screws (6) (two screws to each plate). Bend
the plates into place,

Install the other end of the propeller shaft and the joint assembly to the other
driven yoke. Tighten the screws at both ends to completely secure the propeller shaft and
joint assembly to the vehicle,

Lubricate the shaft and joint assembly in accordance with LO 9-2320-211-12.

Propeller shaft (with flange-mounted universal joints)

Removal

Remove the efght nuts and bolts securiny the propeller shaft adapter flange to the
driven shaft companfon flange (fig §-20).

Repeat step above at the other end of the propeller shaft assembly, and remove the
shaft assembly from the vehicle.

ADAPTES rl ANGE

CONIPNAL BEARING

PPOPELLIR SHAFT Y OKE
LOCKING MATE

Fig 5-20. Flange-mounted universal joint.

Disassembly

Remove the four bolts and lockwashers securing the two locking plates (fig §-20).
Remove the plates and the adapter flange.

Repeat same as above to remove the adapter flange at the other end of the propeiler
shaft and universal joint assembly.

Refer to previous paragraphs, and follow similar procedures to complete disassembly of
the propeller shaft and unfversal joint assembly.
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Repair
Refer to previous paragraphs and follow similar procedures.

Inspect the adapter flanges for stripped threads, cracks, and a bent condition. [f
damaged in any way, replace the adapter.

Assembly

Refer to previous paragraphs, and follow s:mi'ar procedures to complete the assembly
of the universal jofnts and the propeller shaft.

Secure the adapter flange to the propeller shaft and untversal Joint assembly with twe
lock;ng plates and four screws and lockwashers. Bend the lacking plates over the screws {fig
5-201}.

o] Repeat same as above at the other end of the propeller shaft and universal joint
assesbly,

Lubricate the shaft and joint assembly fn accordance with L0 9-2320-211-12.
MIS] Series vehicles '

Reference is made to TM 9-2320-218-20. Inipect for Inose bearings, damaged seals,

dama?ed Jubrfcant fittings and bent shafts. 1nrspect for looseness of bolts and tighten as
required.

Tabie 2-3, Troubleshooting, will further aid tn the servicing and repafrs process,
page 2-13, "ropeller Shafts.

Table 2-3. Troubleshooting, propeller shafts, organizational maintenance Manual.

Propeller shafts

MALFUNCTION PROBABLE CAUSE CORRECTIVE ACTION
Backlash or noise fn joint. Damaged or worn bearings. Repatr uriversal joint.
Vibratton in propeller shaft. Worn or damaged unfiversal Repair untversal joint
propeller ghaft sprung. and/or replace propeller
shaft.
Oescription

The vehicle drive system has a front anu rear propeller shaft. The shafts are of
welded steel tubing, with forged stee) yokes at each end. Cardan-type universal joints are
retatned in yokes by snap rings which are ¥t contact with the outer bearing races of the
unfversal joints. The ‘infversal joints consist of a cross-type trunnfon, needle rollers,
outer bearing races, seals, and a lubrication fitting. The needle bearings are retatned on
the journals of the tiuanion by the outer bearin? races which are grooved to also retatn
sleeve type seals. Lurication passages are drilled in the trunnton to *1low lubrication of
che bearings from a central fitting., Either end of the propeller shafts san be attached to
the differen*® (4l yoke or transfer yoke.

Frent_and rear propeller shafts
Comoval

( RTmove four universal joint bolts from the differentfa: end of the propeller shaft
f’g 5‘2] .

Remove four universal joint bolts from the transmisston end of tho propeller shalt and
remove shaft (fig %-22}).

Installatfon. Inttall front and rear propeller shafts by reversing removal
operitions. lorque propoller shait universal joint bolts to 15-20 1b-ft.
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Fig 5-21. Remove universal joint bolts from differential end of propeller shaft.

Fig 5-22. Remove universal joint bolts from transmisstion end of propeller shaft,

Universal joints

Removal. Refer to previous paragraphs for removal of propelier shaft.
Disassembly

STip two loose cross bearings and grease seals from cross.

Remove two crdss bearings snap rings from yoke (fig 5-23).

With an 11/16-inch socket as a driver and an 11/8-inch socket as a recefver, use bench
vise to press bearing races and cross from yoke (fig 5-24}.

Assembly
Assemble universal joints by reversing removal operations.
Note: Races must be assembled one at a time with seals entering yoke first.

Note: Prelube all new universal joints before fnstalling fnto the front and rear
—  propeller shafts, Prelubing is accomplished by removing all four bearing
faces from the cross and Tubricating through the grease fitting to completely
fi11 the yreszse passages in each trunnfon., Also glace a small amount of
grease in each bearing race befoqe replacing on the journal cross.
5«19
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Fig 5-23. Remove snap rings from yoke.

DRiv 2 RCEOVIR
ORtvE - //

Fiy 5-24. Press bearing race from yoke.

Wheel drive shafts and universal joints

Each wheel drive shaft consists of two assemblies: a splined shaft equipped with a
universal joint, and a sliding yoke equipped with a universal joint. The shaft is attached to
the wheel drive flange through the universal joint, by means of two "U" bolt nuts and
lockwashers. The yoke is attached to the differential side gear flanges through the universal
Joints in the same way as the shaft. Al) universal joints are Cardan type. The drive shafts
are interchangeable side to sioe, and front with rear. The slip joint end of the shafts must
be attached toward the differential.
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fFront wheel drive shaft

Removal fi? 5-25). Ratse front of vehicle. Remove eight nuts and lockwashers from
four "yY” boTts. Slide drive shaft universal joint yoke toward wheel and remove shaft.

Installation {(fig 5-25. and reverse procedure). SIfp joint end of shaft myst be
fnstalled tovard differentfal.

Fig 5-25. Remove front wheel drive shaft.

Untversul joint removal
Removal
Remove wheel drive shaft. Remove lock rings from bearing races (fig 5-26).

With an 11/16-inch socket as a driver and an 11/8-inch socket as a receiver, ;se bench
vise to press bearing races and cross from yoke (fig §5-27).

Note: Make certain that 11/16-1inch sccket {s small enough in diameter to enter yoke
bear ing race bore without binding.

Remove bearing races from cross (fig 5-28).
Remove cross from yoke.
Installation. Install universal joint by reversing removal operations.

Note: Races must be assembled one at a time with seals entering yoke first,

Fig 5-26. Remove ring from beartng race.
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Fig §-27. Press bearing race from yoke.

Fig 5-28., Removing bearing race from cross.

Note: Prelube all new universal joints before installing into the front wheel drive
shafts. Prelubing fs accomplished by removing all four bearing races from the
cross and Tubricaifng through the grease fitting to completely fill the grease
Eassages tn each trunnion. Also place a smal? amount of grease in each

earfng race before replacing on the journal cross.

EXERCISE:  Answer the following question and check your response against the one Tisted at
the end of this study unft.

1. Servicing and repairs of the unfversal joints, propeller shafts, and slip jofnts
consists of ~ _and o -

SUMMARY REVIEW

In this study unit, you learned about the types of universal joints, their purposes
and characteristics of operation. You also learned about propeller shafts and slip joints,
and the servicing and repairs related to these component parts. Next you will learn about the
final drive, differentfal assemb] fes, and axle assemblfes,
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Answers to Study Unit #5 Exercises

Work Unit 5-1.

1. power, anyles
2. conventional (simple}

Work Unit 5-2.

1.
2. same plane

Work Untt §5-3,
1. a,
2. Rzeppa
3. 10
Work Unit 5-4,

1. propelier shaft
2. outstde

Work Unit 5-5.
1. telescopic
Work Untt 5-6.

1. Tubrication, replaceme

nt
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STUDY UNIT 6

FINAL DRIVE, DIFFERENTIAL ASSEMBLIES AND AXLE ASSEMBLIES

STUDY ONIT OBJECTIVES: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT, YOU WILL
IDENTIFY THE FUNCTION OF THE FINAL DRIVE, ORIVE REDUCTION RATIO AND DRIVE GEARS.
YOU WILL ALSO IDENTIFY THE PURPOSE, CONSTRUCTION, MAINTENANCE, AND CHARACTERISTICS
OF OPERATION OF DIFFERENTIAL ASSEMBLIES. IN ADDITION. Ypu WILL IDENTIFY THE
DIFFERENT TYPES OF AXLE AND REAR AXLE ASSEMBLIES.

Section 1. FINAL DRIVES
Work Unit 6-1. INTRODUCTION TO FINAL DRIVES (WHEELED VEHICLES)
STATE THE PURPOSE OF THE FINAL DRIVE.

GIVEN THE THREADS ON A WORM GEAR OF 6 AND THE TEETH ON A WORM GEAR OF 25, STATE
THE GEAR RATIO.

STATE THE TYPE OF FINAL ORIVE DESIGNED TO LOWER THE CENTER OF THE DRIVE GEAR.
Final drives {wheeled vahicles)

Function. A final drive is that part of a power transmission system between the
propeller shaft and the differential. Its function fs to change the direction of the power
transmitted by the propeller shaft through 900 to the driving 8xles. At the same time, it
provides a fixed reduction between the speed of the propeller shaft and the axle driving the

wheels. In passenger cars. this sSpeed reduction vartes from about 3:1 to 5:1. In trucks, it
varies from about 5:1 to 11:1.

Ratio. The gear ratio of the bevel qear final drive is found by dividing the number
of teet® on the bevel drive gear by the number of teeth on the pinfon. For a worm gear, it fis
found hy dividing the number of teeth on worm gear by the nunber of "threads" on the worm. In
the case of chain drives, the sprockets are considered gesrs, and the nymber of teeth on the
driven spro ket is divided by the number of teeth on the driving sprocket.

Gear drives

A11 the final drives in qeneral use are geared types. The most cosmon of these
consists of a pair of bevel gedrs, that is, a drive pinfon connected to the Propeller shaft
and a bevel drive gesr attached to the differential case on the driving axle. These beve)
qears may be spur, spiral-bevel, or hywoid. Spur qears have strafght teeth, while
spiral-bevel and hwoid gears have curved teeth. Spur gears are seldom used for this purpose
because they are noisy. Spiral-bevel gears are used most often. Hypoid gears are used in
severa)l passenqer cars and in Vight trucks because they permit the bevel drive pinton to be
placed below the center of the bevel drive gear, thereby lowering the propeller shaft to give
more body clearance. Thiy qedr also operates more Quietly. Worm gedrs are used extensively
in trucks hecause they allow a large speed reduction. These consist of helical worm. similar
to screws, and meshing teeth gears. The woims have single, double, triple. or quadruple
threads. These type gears are shown in fiqura -1,
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WOHM AR

PUR=REWEL GEAR

Fig 6-1. Final drive gears.

EXERCISE:  Answer the following guesttions and check your responses against those listed at
the end of this study unit.

1. The purpose of the final drive fS to change the
of

2. The twe of final drive that was designed to lower the center of the drive gear is
the

3. If a worm has 6 threads and the worm gear has 25 teeth, the gear ratio fis

Sectfon II. DIFFERENTTAL ASSEMBLIES
Work Unit 6-2. CONVENTIONAL DIFFERENTIAL
STATE THE PURPOSE OF THE CONVENTIONAL DIFFERENTIAL.
NAME fHE UNIT RIVETED TQ THE FINAL DRIVE GEAR.
Genera)l

The purpose of differentials is to provide for differences in speed of rotation of
wheels as a vehicle rounds a corner or travels over uneven ground, or to enable the operatrr
of a tracked vehicle to turn the vehicle by chenging the relative speed of the tracks.
Netatls of the mechanisms are explained in th:s section.

Conventtonal differentfal

The hevel drive pinfon rotates the bevel drive qear and the differenttal c¢»se to which
the final drive gear s riveted. The axle shafts are splined to the differentfal side gears.
Were it mot for the differential pinions, each wheel, with its respective axle shaft and side
gear, would rotate freelv with respect to the differentfal case and bevel drive gear. Figure
f-? shows, in phantom two views of a conventional differenttal,

Straightahead. When hoth wheels are rotating at the same speed, as they do on a
smooth, stra'qht road, the differenttal pinions do not rotate about thefr own axis but serve
only to lock all the parts, making them rotate as a unit whsn the drive differentfal ring gear
fs turred bv the differentfal drive pinton.




Turns, When the wheels rotate at different speeds, as they do when making a turn, the
slowina down nf the inner wheel decreases the rotation of (ts axle shaft and differential side
qrar with respect to the differential drive ring qedr and the differential case. The case
forces the difforential pinfons to rotate along the inner differential side qear, advancing
the oppnsite slde qear an equivalent amount with respect tn the differential case. The outer
whesl thus turns at a higher <Deed than the inner wheel, If the differential drive ring qear
m?kos four revolutions while the inner wheel 1S making one, the nuter wheel will rotate Seven
times,

FXFACTSF:  Answer the following queStinns and check wnur responses aqainst those listed at
the end of this stydy unit,

1. The ourpnse nf the conventional differential is ‘o permft of
wheel speeds when the vehirle a

?. The final drive qedr s rivated to the

Work linit A-3, NVFRCOMING LDSS DF TRACTION

STATE WHERE THE TOROUE WOULD RE NELTVERED WHEN ONE WHEEL LDSES TRACTION COMPLETELY
ON A VFHICLE USTNG A HIGH TRACTION DIFFERENTIAL.

NAME THE WHEEL THE DRIVING TORNUE IS APPLIED TO WHEN THE LEFT WHEEL TURNS FASTER
THAN THE RIGHT WHEEL NN AN AXLE USING A ND-SPIN NIFFERENTIAL.

STATE THF ADVANTAGE GAINED BY THE USE OF A NO-SPIN DIFFERENTIAL.

A fault in the conventional differentia) is that if one driving wheel 1.. s traction
and spins, the other wheel which has more traction remains stationary and does not drive the
vehicte, 1In nrder to overcome this, several devices have heen employed from time to time.

Nne device is the hand-controlled differential lock. This is simply a dog clutch, controlled
hy & hand lever, which clutches one axle shaft fast to the differential case and differentia)
drive ring qear. This forms a riqid connection between the two axle shafts and makes both
wheels rotate at the same speed as the differential drive ring qear while the differential
lork fs enqaged. This device is used very seldom, prohably hecause a driver often forgets to
disenqage the differential lock hefore the differentiadl action is 2a3in required. Automatic
devices for doinga almnst the same thing have heen desSiqned. One of these, which is rather
extensivelv used t.odav, 1s the high-traction differential. It consists of a set of
differenttal pinions and Side qears which have fewer teeth and a different tooth form from the
ronventinnal qears. Fiaqure A-3 shows 3 comparison hetween these and standard gears. These
differential pinfons and side qe3rs depend on a variable radfus from the center of the
differential pinfon to the Pnint where it comes in contact with the side qear teeth, which s,
in affe ", a variahle lever arm. As lonq as there 1S relative motion between the pinfons and
Side q...'s, the torque 1S unevenly divided hetween the two driving shafts and wheels: whereas,
with the nusual differential, the torque is evenly divided at al) times. With the
high-traction differential, the torque hecomes areater on one wheel and less on the other as
the pinions move around, untt) hoth wheels Start to rotate at the same SPeed. When this
orrurs, the relative motion hetween the pinion and Side qears stop¢ and the toraue on each
wheel 15 aqain ecual. This device assists considerably in starting the vehicle or keeping it
rolting tn cases where nne wheel encounters & slippery spot and 1oses traction while the other
wheel ic on & firm <pot and has traction. It will pnot work, however, when one wheel loses
traction completely, 1In this respact it 1s inferior to the differential lock.




DIFFARENTIAL BEAKING
CONE AND ROLLERS

Fig =2. Conventional differential.

Fig A-3. Comparison of high-traction differentia) gears and standard differential gears.
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No-spin differential

General, To provide a means nf improving tractive effort at the driving wheels when
ane wheeT tends ta <lip from Inss of traction, 1t 1s necessary that the differential prevent
actual slippaqge and supply tnrque to the driving wheels only to the extent that the wheels can
utitize the torgue without slipping. The No-spin differential utilizes a pair of toothed
clutches to do this,

Construction. The No-spin differential (fiq 6-4) does not contain pinfon gears and
side nears as does the conventional differential, Instead, 1t consists essentfally of a
spider attached to the differential drive ring gear through four trunnions, plus two driven
clutch memhers with side teeth that are indexed by spring pressure with side teeth in the
spider. Twn side members are splined to the wheel axles and in turn are splined intn the
driven clutch memhers.

Fig 6-4. MNo~spin differential--disassembled view.

Operatinn in turning. The center cam (fig 6-5) in the spider is held in place by 2
snap ring that permits the center cam to rotate but does not permit it to move laterally.
When making a right turn, the right driven clutch member remains fully engaged with the spider
clutch teeth (fig 6~-6). The spider clutch teeth {the driving teeth) drive the right {inside)
wheel at differential drive ring gear speed. The left wheel (outside) covers a greater
distance and must turn faster than differential drive ring gear speed. The differential must
permit this action since, as the left wheel beqgins to turn faster, the left driven clutch
member alsn turns faster than differential drive ring gear and spider speed. As the
laft-driven clutch member begins to turn faster, the cam lobes or ramps on fts edge ride up on
the cam lohes on the center cam. This action pushes the lefi-driven clutch member away from
the spider so the clutch teeth disengage. This actfon is shown in fiqure 6-7. As the crest
of the ramp is passed, spring pressure forces the teeth of the driven clutch member back into
full engaqement with the teeth on the spider. But the action 1s repeated as long as the left
wheel turns more rapidly than the right wheel. Full drive is 2pplied to the right wheel: no
drive 1< applied to the left wheel. But as soon as the vehicle completes the turn and the
Teft wheel slows down to right-wheel speed, driving power 1s applied equally co Loth. For a
left titrn, the action is similar except that full drive is applied to the left wheel; the
right wheel turns more rapidly than the left wheel.
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Fig 6-5. Construction of center cam. Fig 5-6. Operation of No-spin differential during
a turn.

Fig 6-7. Action of center cam during a turn.

Tractive effort. With this differential, one wheel cannot spin because of lass of
tractive efrort and thereby deprive the other wheel of driving effort. For example. one wheel
Is on ice and the other wheel 1s on dry pavement. The wheel on fce is assumed to have no
traction. However. the wheel on dry DPavement will pull to the 1imit of its tractiona?l

resistance at the pavement. The wheel on ice cannot spin hecause wheel speed is qoverned by
the speed of the wheel applying tractive effort.
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Stlent type of no-spin differentta) {fig 6-8). In the silent type of No-spin
differential, the conStruction Ts very simitar to the unit described earlier in this study
unit ., However, the center cam has wider teeth to carrv the two sets of cams in each driven
clutch memher. One set is fixed, the other ts able to rotate in ane direction or the other a
few degrees with respect to the fixed set. The rotatable or ho' . .t cam ring is slotted, and
a kev in the spider fits this slot to 1imit the tndependent rot ' n of the cam. The key also
1imits the rotation of the center cam. In operation, when one wheel i$ turning faster than
the ather {as ta rounding a turn}, the faster turning sp)ined side member and driven clutch
member causes the ramps on the center cam and driven clutch memher cam to push the driven
rlutch memher awav from the spider. This action is similar to that described for the other
Nu-spin differential. The teeth ¢ separated so no driving can take place. In this unit,
however, the teeth do not repeaterdlv index hecause the rotatable cam, left slightly behind,
prevents this. The ramps on the rotatable cam are halfway hetween the ramps on the fixed cam
of the driven ciutch memher. The staggered ramps will not permit tooth enqagement. As soon
as the turn is completed, the driven clutch memher Slows down to sPider speed, the ramps
real ine, and engagement of the teeth takes Place,

sebale Geyagde D AND BRLNEN CLuTll
wlgske w110 CEMIE Cass ASSLum Y wiaats AL 1N
serfavi Lo piny eyl Tem mivy
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Fiq 6-8. Silent type of No-spin differential--disassembled view.

EXERCISE: Answer the following Questions and check your responses against those 1isted at
the end of this study unit,

1. When one wheel loses traction completely on a vehicle using a high-traction
differential, the torque is delivered to the whee! with
traction.

2. When the left wheel turns faster than the right wheel on an axle assembly using a
No-spin differential, full driving torque 1s appl ied to the
wheel,

3. The advantaqe that s gained bv the use of a No-spin differential 1S that torque
is delivered to the wheel with the traction,

Section IT1. AXLE ASSEMBLIES
Work Unft -4, GENERAL
WRITE THE DEFINITION OF “LIVE AXLE."
Live axles

General. A live axle 1s one that supports part of the weight of a vehicle and also
drives the wheels connected to 1t. The term s applted to the entire assembly, which consists
of a housing contatning a beve) drive pinton, bevel drive gear differenttal and axle shafts
together with their hearinqgs and sometimes, additional mechanisms. The term live axle is
opnosed to the term dead axle. A dead axle is one that carries part of the welght of a
vehicle but does not drive the wheels. The wheels rotate on the ends of the dead axle. The
usual front axie of a passenger car 1S a dead axle, and the rear axle is a live axle, In
d-wheel crive vehicles, both front and rear axles are live axles, and in 6-wheel drive
vehicles all three axles ae [fve axles,

> 35




FXERCISE:  Answer the fnllnwing question and check vour resbnnse 3q3inst the one listed at
the end of this study unit.

1. The term *1ive axle® descrihes an assemhlv in which the wheels are driven by the

-
——

Work linit A-5. TYPES 0OF AXLES
NAMFE THF TYPE 0OOF AXLF SHAFT ROLTED TO THE WHEEL HUR THROUGH THE AXLE FLANGE.
NAME THE AXLE SHAFT THAT CAN RE REMOVED WITHOUT REMOVING THE WHEEL.

There are four twes of Tive axles: Dlain, Semifloating. three-duarter floating, and
full-finatingd. These are distinquished hv the way in which the axle shafts are connected and
the stresses thev must carrv.

Plain rear axles. The Dlain, or nonfloating, rear axle was one of the first used. 1In
it, the axie Sharts are supported in the housing hy roller hearings at the center and outer
ends. The rear wheels are keved on tapers at the outer ends of the axle shafts and held by
castie nuts and colter oins. In addition to turering the wheels, the rotating axle shafts
carrv the entire weight of the rear of the vehi_ .2 gn their outer ends. Al) stresses caused
hy turning corners, skidding, or hy wobbling wheels are taken bv iire axle shafts. The
differential side qears are keved on the inner ends of the axle shafts which carry the weight
nf the differential case. The stresses created hy the obDeration of the differential are taken
hy the axle shafts. Side thrust on the axle shafts 1S taken care of by the roller be."ings,
and hal! hearings are provided at each side of the differential case to take care of end
thrust. This twe rear axle is now ohsolete.

§emiflnatinq rear axle. The semifloating rear axle (fiq A-Q1, IS used on mnst
passenger ang 11ght commercial vehicles. The orincipal difference hetween it and the plain
1ive axle is in the manner of supbportind the differental assemhlv. In the plain live axle,
the differential case is carried on the inner ends of the axle shafts. In the semifloating
axle, it is carried hy hearings mounted in the differential carrier. The axle shafts are
splined to the differential side qears. This reliaves the axle shafts of the weight of the
differential aid the stresses caused hy 1ts operation which are taken hy the axle housing.
The fnner ends of the axle shafts transmit onlv turntng effort, or torque, and are not acted
upnn hy anv nther force. Thev are Said to he floated. The wheels are keved to the outer ends
nf the axle shafts, and the outer hearinqs are hetween them and the housing as in the plain
1fve axle.  The axle shafts take the stresses caused hvy turning., Skidding. or wobbling of the
wheels. In hoth the olain and semifloating live axles 3 wheel can come off if an axle shaft
hreaks or twists off,

Fiq A-9, Semifloatira rear axle.

Three-quarter floating rear axle {riq 6-10.. The three-ouarter floating rear sxle iS
used on a tew passenger cars. The inner ends of the axle stafts are sometimes secured with
nuts and the axle shafts cannot he withdrawn without removiiq the differential cover. In
other designS, the axle shaft can he withdrawn after the nuts holding the hub flange have bheen
removed. The wheelS, hawever, are subPorted by hearings on the outer ends of the axle tuhes.
The housing. instead of the axle shafts, carries the weight of the car. Since the wheel is
rigidiv keved on 3 taoer at the end of the axle shaft, as in the semifinating axle, the
streSSesfcaused by the turning, skidding. and wohhling of the wheels are Still taken by the
axle shaft.
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Fiq 6-10. Three-quarter floating rear axle.

Full-floating rear axle (fig 6-11), The full-floating rear axle s used on most heavy
trucks., It 1s the same as .ne three-quarter floating axle, except that each wheel s carried
on the end of the axle tube on two ball or roller bearings and the axle shafts are not rigidly
connected 10 the wheels. €ach wheel s driven through a dog clutch, through a spline clutch,
or through a flange on the end of the axle shaft that is bolted to the outside of the wheel
hub. The latter construction s frequently used but s not truly full-floating, since there
is a rather rigid connection between the axle shaft and the wheel hub. With the true
full-floating axle, the axle shaft transmits only the turning effort or torque. The stresses
caused by turning, skidding, and wobbling of the wheels are taken entirely by the axle housing
through the wheel tearings. The axle shafts can be removed and replaced without removing the
wheel or disturbing the differential, Most military all-wheel-drive trucks have full-floating
axles.

Fig 6-11. Full-floating rear axle.

EXERCISE: Answer the following questions and check your responses against those 1isted at
the end of this study unit.

1. The tye of axle shaft that s bolted to the wheel hub through the axle flange is
the .

2. The axle shaft that can be removed without removing the wheel s the

Work Unit 6-6, TYPES OF REAR AXLE ASSEMBLIES

NAME THE REAR AXLE SPIRAL BEVEL THAT THE DRIVE PINION IS CONNECTED TO AT THE
PROPELLER SHAFT.

STATE WHAT HYPOIO GEARS REQUIRE BECAUSE OF THEIR DESIGN AND OPERATION.

WHEN THE VEHICLE OPERATOR SELECTS EITHER OF TWO AXLE GEAR RATIOS BY MANUAL
CONTROL, NAME THAT AXLE.
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Semifloating. Fiqure 6-12 shows a semifloating rear axle of the type generally used
in passenqger cars. -The final drive consists of a spiral-hevel pinion and qear. Spur gears
were formerly used for this purpose, but they have been generally replaced bhv spirai-bevel
qgears hecause these ran more quietlv. The drive Pinton, which s connected to the propeller
shaft hy the companion flanqe {fiq A-12), runs in two tapered roller bearings mounted in the
differential carrier and ts considered a part of the rear axle assemhly. The drive pinton
meshes with the spiral-hevel drive qear which is riveted to the differenttal case. The
differential case rotates in tapered roller hearings mounted in the differential carrier. The
fnner races of these bearings fit on machined extensions on each side of the case and the
outer races are held in hrackets cast inteqgral with the differential carrier. The
differenttal carrfer ts a casting which holds the final drive and differential. It is
inserted in the forward oPening of the rear axle housing and fastened with cap screws through
3 qasket to make the foint of1 tight. The axle shafts are splined to the differential side
qears. Machined hub extensions on these qears rotate in plain hearings in each side of the
differenttal case. The rear axle has two differential pinfons. The path of power
transmission is from the prooeller shaft to the pinion drive shaft and ptnton, to the
soiral~-bevel drive gear, to the differential case, to the differential pinfons, to the
differential side qears, to the axle shafts, to the wheels.

Fiq 6-17. Semifloating rear axle with a spiral-bevel gear.

Hypoid. Hvoid qearing has come into rather extensive use in late vears, mainly for
passenqer cars. A portion of a hyoid rear axle is shown in fiqure 6-13. This rear axle fis
Practically the same as the spiral-bevel gear rear axle, except that the drive pinfon and
hevel drive qear are cut with a somewhat different tooth form which permits the drive pinfon
to mesh with the hevel drive gear helow the center of the tatter. This construction allows
*he propeller shaft to he lowered and sometimes makes a shaft tunnel in tie floor of the rear

nartment of the vehicle unnecessarv. Due to their desiqn, hwpotd qears operate under
- ‘rewely high tooth Pressure and require a sPectial hypoid Tubricant.

Morm gear. The worm gear rear axle (fiq f-14) {s used in some trucks mainlv hecause
it allows a larqe speed reduction. The threads on the worm are similar to screw threads and
may he sinqgle, douhle, triple, or quadruple. The worm meshes with a worm qear having helical
toeth cut n its outside circumference. The worm may be compared tv a screw and the worm gear
to a nut, As the worm rotates, it pulls the worm qear around. The worm ls usuallv made of
steel and the worm qear of bronze. The driving worm may be mounted at either the top or the
hottom of the worm qear. But {t is usuallv necessary to Place the worm at the top in order to
allow suffictent road clearance under the rear axle housing, The rear worm bearing must be
very strong and ruqaed since it takes the entire thrust reaction from driving the worm gear.
1f olav develops tn the worm hecause of wear, this bearing must also withstand repeated
impact. When the vehicle is operated in reverse, or when the road wheels are driving the
mechanism, the front bhearing resists these forces. Sometimes a worm of hourylass form is used

in the worm qear as it provides more tooth hearing surface and, consequentlv, less stress in
the teeth,
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Fiq 6-13. Hypold rear axle.
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Fiq 6-14. Worm gear rear axle.

Douhle reduction. Douhle-reduction rear axles are often used for heavy-duty trucks.
A usual desiqn of the full-floating type is shown disassembled in figure 6-15 and in sectional
view in fiqure f~16. The first gear reduction is obtatned through a spiral-bevel pinion and
gear as in the common sinqle-reductfon rear axles. The bevel pinion runs in brackets mounted
on the differential carrfer in two roller bearings. The bevel gear is mounted riqidly on a
propeller shaft with a spur ptnion that runs on roller bearings at each end; these are also
mounted in the differential carrier. The spur pinion drives a spur qear which is bolted to

the differential case. These parts are shown in their proper relative positions in figure
h-15,
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Fig 6=15. Gear arrangement in double-reductfon rear axle--exPloded view.

Fig 6-16, Gear arrangement fn double-reduction rear axle--assembled view.

Dual ratio. ODual ratfo, or two-speed., rear axles are sometimes used on trucks and
passenqer cars. Tnhey contain two different qear ratios which can be selected at will by the
driver, usually by a manual-control lever. A dual-ratio rear axle serves the same purPose as
the auxfltary transmission and, Vike the latter, it doubles the number of gear raifos
avatlable for driving the vehicle under the vartous load and road conditions. This type rear
axle is shown fn a cross sectfonal view in fiqure 6-17. It s driven by the conventiona)
spiral-bevel pinton and differenttal drive ring gear, but a planetary gear tratn is placed
between the differenttal drive ring gear and differentfal case. The internal gear of the
planetary tratn fs riqidly bolted to the bevel drive gear. A ring on which the planetary
qears are pivoted s bolted to the differential case. A member, consisting of the sun gear
and a doq clutch, slides on one of the axle shafts and fs usually controlled by a hand lever
accessible to the driver. When this s1iding part is in the high-ratto position, the sun gear
meshes with internal teeth on the ring carrying the planetary qears and disenqages the dog
clutch from the left bearin? adiusting ring which is riatdly held in the differentital
carrfer. In this position {ffq 6-18}, the planetarv qear tratin 1s locked together, there f{s
no retative motion between the gears in the planetary train, and the differential case is
driven directly by the differentfal drive ring gear the same as in the conventtonal
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single-ratio rear axle. In the low-ratio position (fiq 6-139), the sun gear is s)id out of
mesh with the ring carrving the planetary gears, and the dog ¢lutch makes a rigid connection
with the left hearing adiusting ring and remains statfonary. The tnternal gear rotates the

pl anetary qears around the Stationary sun qear and the differentfal case is driven by the riny

on which the planetary qears are pivoted. This action produces the gear reduction, or low
speed, of the axle.

Fig 6-17. Dual-ratio rear axle.
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Fig 6-18. Position of gears for high ratio.

Fig 6-19, Position of gears for low ratio (Planetary gears are free to rotate}.

Double~reduction, dual-ratio. Double-reduction, dual-ratio rear axles are also
sometimes yseo In heavy-duty motor vehicles. Rear axles of this type combine the feature of
the double-reduction and dual-ratio axies in one unit. A popular design is shown in figure
6-20, with part of the differential housing cut away. A spiral-bevel pinion drives a
propeller shaft through a sPiral-bevel drive gear. Two helical pintons of different sizes and
a two-wav dog clutch are mounted on the propeller shaft. The two helical pinions rotate
freely on the propeller shaft through bearings. Thev are in constant mesh witt two helical
gears of correspondingly different sizes, both rig9idly mounted on the differential case. The
s1iding dog clutch is controlled by a hand lever and clutches either one of the helical
pinfons fast to the propeller shaft. The clutch s shown in the low-speed position in figure
6-20, The drive is from the propeller shaft to the drive pinion, to the bevel drive gear, to
the Probeller shaft, to the right helical pinion, to the right helical gear, to the
differential case, to the differential pinfons, to the differential side gears. to the axle
shafts, to the wheels. When the dog clutch is in the high-speed Position {moved to the left),
the drive is the same except that it 1S through the other pair of helical gears.
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Ffq 6-20, Double-reductfon, dual-ratio rear axle.

EXERCISE:  Answer the foliowing questions and check your responses aqafnst those 1fsted at
the end of this study unit,

1, The rear axle spiral-bevel drive pinfon fs connected to the propeller shaft by
the

2, Due to their desiqn and obPeration, hypoid qears require a

3, When 3 vehicle obPerator can select efther of two axle gear ratios by manual
control, the axle ¥s referred to as a axle,

Work Unit 6-7, FOUR-REAR-WHEEL DRIVES
STATE WHAT JOINS AN AXLE ASSEMBLY TO A BOGIE SUSPENSION.

Dual wheels, Motor vehicles that carry extremely heavy loads are often equipped with
four rear wheels In order to increase traction and to avoid excessive weight on the rear
tires; that fs, the wefqht of the load ts divided among twice as many tires as when only one
rear axle is used. Dual wheels are generally used with this arranqgement; therefore, the
weight of the rear of the vehicle and load ¥s divided among efght tires fnstead of four.

Bngies. Nifferent spring susbpensfons are used, but the bogfe ¥s most general, A
hoq fe consisfs of two axles jointed by a trunnfon axle. The trunnfon axle passes dfrectly
beneath the rear crossmember of the frame.

Independent shafts, Vehicles having this equipment may be efther 4- or G-whee)
drive, Sometimes the dual rear axles are driven by fndependent propeller shafts (fig 6-21)
from a transfer assembly, In this case, the Propeller shaft to the rearmost rear axle fs
dfvided into three parts, the short middle part Passing through bearings mounted on the
forward rear axle, The transfer assembly may contafin an fnteraxle differential, but usually
does not,

Tandem drives. Another arrangement s the tandem drive (fiqs 6-22, 6-23, and 6-24),
employinqg douhlie-reduction axles. A sinqle propeller shaft from the transmissfon transfer
assemhly is connected to the forward rear-axle drive DPinfon through a shaft, and another short
interaxle propeller shaft connects the drive pinfon shaft of the forward rear axle with the
drive Dinton shaft of the rearward rear axle. Ordfinarily, no fnteraxle differential s uscd,
hut one which fs buflt into the forward rear axle s sometimes used. With the tandem drive,
no transfer assembly fs required if the vehicle drives on the four rear wheels only. If the
front wheels are also driven, a transfer assembly fs required,
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Fig 6-21, Bogie 4-wheel drive with independent propeller shafts.
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Fiq 6-22. Tandem dual-rear-axle arrangement with double-reduction
final drives snd power divider,
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Fiq 6-24, Gear carrier and power divider--cross-sectional view.
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EXERCISE:  Answer the following gquestfon and check vour response against the one lfsted at
the end of this study unft.

I. Axle assembl fes of a hogfe suspensfon are joined by a
axle.

Work Unft 6-8, FRONT-WHEEL ORIVES

IDE!;IFY THE TYPE OF JOINT USED IN A LIVE FRONT AXLE THAT PROVIDES THE ABILITY TO
STEER.

STATE HOW TO ELIMINATE EXFESSIVE TIRE WEAR ON DUAL WHEELS.

In 4- or f-wheel drives. the front wheels are driven through a driving axle assembly
verv simtlar to a rear axle. It may be of the single~- or double-reduction type. Front-wheel
drives are ordfnarily Hotchkiss drives with the front springs pfvoted at the rear and shackled
at the front. Axles are of the full-floating type. As in the case of rear live axles. the
axle housings are usually bufit up. but they may be pressed steel for 1ight vehicles and
stngle~pfece castings for extremely heavy-duty vehicles. The split-type housing s frequently
used. The principal difference between front 1fve axles and rear axles is that in front~-wheel
drives, provisfon must be made for steering. In rear driving axles. the axle shafts are
directly connected to the wheels. Since the front wheels must turn on the steering knuckle
pivots, they are usually driven by the axle shafts through untversal joints concentric with
the steering knuckle pivots. Figure f-26 shows the housings of the steering knuckle pivots
and constant-velocity universal joints, as well as the tte rod. hrakedrums. hub flanges, and
wheel mount ing studs for a typical front Vive axle assembly. A tvpe of front-wheel drive
which drives the front wheels through gearing and permits them to steer without the use of a
universal joint is shown fn figure 6-27. It has been used to a very Vimited extent. A
spfral-hevel pinion keyed to the end of the axle shaft drives the lower half of a double bevel
gear on the lower end of the steering knuckle pfvot. The top half of the double gear meshes
with a fourth gear that is fntegral with the wheel nub. The gear and hub turn on the steering
knuckle. When the wheels are Cramped. the bevel gear on the wheel hub rotates around the
hevel gear on the steerfng knuckle pivot.

LLL LRI BT )

Fiq 6-25. Arrangement of transfer assembly. propeller shifts. universal Joints,
and 1ive axles for 4-wheel drive.
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Fig 6-26. Front 1fve =tle assembly,

Fig 6-27. Helical gear steering for front-wheel drive.

Interwheel different fal

One of the latest developments in {ront-wheel drives s dudl wheels having an
interwheel differential which makes them eastly steerahle. €ach wheel s equipped with fts
own brake. Vertical steering knuckle pivots are used. The differentia) 1s of the spur-gear
type, the pinfons having a tooth form that gives it the same action as the high-tractfon
differential. When dual front wheels are used in addition to dual rear wheels, a greater
portion of the total load can be carried by the frint axle. This makes possible a qreater
pavioad without increasing the overall length of the vehicle. Intersheel differentials can
also be used for front dead axles. Vive rear 3xles, tandem rear Vive axles, and tratler dead
axles to provide for the difference fn distance traveled by each of ihe pair of dual wheels in
rounding curves, and for the different rol)ing radfus of each of the dua) wheels caused by the
crown of the road, ruts, etc, It ¥s thought that a great saving fn tire wear results because
of *he elimination of s)fippage which must occur when dual wheels are rigidly bolted together,

EXERCISE:  Answer the following questions and check your responses agafnst those 1isted at
the end of this study unit,




1. What type of joint, incorporated into & 1fve front axle, provides the abilfty to
steer?

a. BRall-and-trumnion joint

b. Conventional universal joint
c. Constant-velocity foint

d. Live axle joint

2. Excessive tire wear on dual wheels can be eliminated by use of
differentfals.

Work Unit 6-9. POWER DIVIDER
STATE WHAT IS USED IN THE ORIVING CAGE TO ENABLE (T TO DRIVE THE BEVEL PINION,

Power divider

The forward rear axle is the full-floating, double-reduction type having a
spiral-bevel pinion and gear for the first reductfon, and a spur pinion and gear for the
second reduction. The spiral-bevel pinfon is driven through a power divider which also drives
the rearward rear axle through a shaft that passes through the pinfon of the forward rear
axle, and is attached to the forward end of the interaxle drive shaft (fig 6-24).

The puwer divider is attached to the forward end of the gear carrier, which s mounted
on the uyPer side of the axle housing., Both forward and rear axles are driven from the
forward drive flange through the power divider by means of a driving cage carrying two
parallel rows of radial wedges or Plungers engaging at thefr outer ends with internal (female)
cams oh a cage which drives the bevel pinion of the forward rear axle. At their fnner ends
the plungers engage with exiernal (male) cams on the interaxle drive shaft which drives the
bevel pinion of the rear axle, Due to the wedging action between the cams and the plungers,
they rotate together with no relative movement, unless rumning condftions require a
differential ection.

Whenever either the forward or the rear pair nf wheels tends to run ahead of the other
pair, due to slippage or uneven road surfaces, there is a relative movement of the external
and fnternal cams, which is permitted by the sliding of the radtal Plungers in the driving
cage. This restricted movement provides a differential action which apportions the driving
effort to the two Patrs of wheels to provide the maximtm tractive effort. The wheel spindles
are pressed into the axle housing, and the brake assemblfes are carried by fntegral flanges.
The underslung springs, which tie the two rear axle housings together in parallel relatton,
are attached by means of rubber shock fnsulators set fn sockets on the bottom of the housing,
and retained by caps.

A ball-foint torque rod, between the top of the gear carrier housing and a chassis
frame crossmember, takes the torque fmparted to the axle assemblv by the driving and braking.

Servicing and repairs of the final drive, differentfal assembly, and axles, basically
known as axle assembl ies, will be covered on the M54 series vehicle, The servicing and
maintenance {is second echelon. All information can be found in TM9-2320-211-20,
Organfzatfonal Matntenance Manual.

Starting with Table 2-2, Preventive Maintenance and Services. page 2-8, sequence
number 6, Running Gear, tighten axle shaft drive flange bolts to 70-80 ft.-1bs. Inspect
propeller shafts and universal foints for loose bearings, damaged seals, damaged lube fittings
and bent shafts. Inspect for looseness of bolts. RePlace damaged components and tighten
loose hardware.

Table 2-3, Troubleshooting, will further aid fn the servicing and repairs process,
paqe 2-17, Front and Rear Axles.

Table 2-3. Troubleshooting, front and rear axles, organfzational maintenance manual.

front and Rear Axles

MALFUNCTION PROBABLE CAUSE CDRRECTIVE ACTION
Difficult to turn steering a. Hydraul fc power unit Check ofl level in steering
wheel {noberative. system (L0 9-2320-211-12).
Notify support mafintenance
personnel.
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Tahle 2-3,
(contirived),

MALFUNCTION

Hard steering; wandering.

Continuous axle noise,

Excessive hacklash 1n pear

axle drive flange.

c.

d.

Frunt and Rear Axles
PROBABLE CAUSE
Tires underinflated.

Lack of lubricant.

B8ind ¥n steering knuckles.

Axle shifted.

Power steering system
fnoperative.

Tires unequally inflated.

Front wheel bearings out of
adjustment.
Insufficient toe-1in.

Wheel bearings i need of
lubrication.

Front or rear wheel out of
adjustment .

Tires improperly fnflated
or damaged. (If notse fs
caused by tires, noise will
disaPPear when vehfcle f«
driven over soft terrain.)
Loss of Tubricant.

Axle flange nuts loose.
Ring gear and pinion out

of adjustment or worn
excessively.
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Troubleshooting, fint <i1d rear axles, organizational matitenance manual

CORRECTIVE ACTION

Check tire pressure and
inflate as specified on
servicing data plate
affixed to fnstrument
panel.

Lubricate steering knuckle,
tie rods, and drag 1fnk
ends accerding to
L0~9-2320-211-12.

Jack up the front axle to

© clear wheels of the ground.
Ofsconnect the dragd 1ink
at the steering lever left
end assembly. Turn wheels
from side to stde. If
binding, disconnect one
end of the tie rod from
the steering lever., If
binding persists and
lubrfcattion does not free
the knuckle, notify
supporting maintenance
personnel for replacement
of the front axle assembly.

Mecasure from the front spring
rear eye to a fixed point
on the axle. Compare with
3 Vike measurement on the
opposite stde. If they do
not agree, fnspect for a
broken front spring main
Yeaf and center bolt.
Check for loose or broken
U bolts or springs.
Replace defective parts.

Check oil level in power
steering of1 system and
add of1 1f necessary.

Check tire inflatfon and
fnflate properly. See
servicing data.

Adjust wheel bearings.

Check toe-tn.

Lubr fcate bearings according
to lubrication order
(L09-2320-211-12).

Check bearings for wear and
adjustment.

Inflate tires pronerly
{TM9-2320-211-10).

Clean breather vent.

Tighten nuts to a torque of
160 ft.-1b.

Replace axle assembly.
Notify supporting
mdfntenance.



Table 2-3. Troubleshooting, front and rear axles, orginizational maintenance manual

(continued}.
front and Rear Axles
MALFUNCTION PROBABLE CAUSE CORRECTIVE ACTION
Excessive or uneven tire wear. a. [mprovc wheel alinement. Adjust toe-in. [f this does

not correct the deficiency,
notify supporting
maintenance personnel.

b. improber braking. Adjust brakes.
c. [mproper tire inflation. Inflate tires evenly.
Bindfng in front ar e shafts. a. Excessively worn universal Replace worn parts.
Joints.
b. Spacer washer not installed Check the end plug of the
fn the axle shaft. shaft by moving the shaft

in and out of the housing.
Install & spacer if
movement S over 1/16
inches.

Maintenance of front axle

General

The front axle assembly 1S a hypoid, double-reduction, single-speed type. It is
secured to the underside of the front springs.

Breather vent

Cautfon: Ensure that the area surrounding the breather valve has been thoroughly
- cleaned So that foreign matter will not enter the axle assembly when
removing the ventilatfon valves.
Removal. Remove the air breather valve by turning it couterclockwise.
Cleaning

Soak the ventilation valves in a drycleaning solvent or in mineral spirits paint
thinner.

Thoroughly brush the valves with a stiff-bristle brush. Ensure that passages are
clean and that the valves caps move freely. :

If necessary, use a soft metal rod to remove obstructions.
Use compressed air to dry out the valves.
Lubricate the valves sparingly with clean engine otl (0F).

Installation. Secure the breather valve by turning ft clockwise and tightening it in
pl ace.

Maintenance of rear axle

General

Two fdentfcal rear axle assemb!ies, mounted in tandem, are included in the rear
susbensfon system (fig 6-28). The rear axle assembly i$ a hypoid, double-reduction,
stnqle-speed type. Three identical torque rod ass blies, two at the right end of the axle
and one at the left end of the axle, connect each :ear axle assembly to the rear Suspension
brackets. These torque rods not only maintain the correct relative positions of the rear axle
assemblies but also transmit driving and braking forces from the axles to the frame. A
differential ad carrier assembly, mounteo at the top center of the ax1e housing transmits
power from the transfer-to-forward-rear-axle and forward-rear-axle-to-rear-axle probeller
shafts (fig 6-28) to the left and right drive shafts inside the axle housing.
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Fig 6-28. Rear suspension system.
Maintenance

Lubricate the rear axle assembly in accordance with LO 9-2320-211-12,
Axle shaft

Removal. Remove the 10 screws and lock washers securing the axte drive flange {fig
6-29) to the hub and drum assembly.

AXLE
ORIVE
FLANGE

Fig 6-20, Removing rear axle shaft.
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Remove the axle shaft by pulling on the axle driva flange (fig 6~29). Remove and
discard the flange gasket.

Installation. Slide a new gasket (fig 6-29) over the sp)ined shaft end and hold the
gasket {n position on the f1ange.

Insert the splined end of the shaft in the hub. Push the axle drive flange {nward
toward the center of the truck. Carefully guide the shaft splined end into the splined
differential side gear.

Aline the ten drive flange holes with the ten match. .g holes in the drum. Install ten
screws and lockwashers. Tighten the screws to 70-80 ft.-1b. torque.

Breather vent
Refer to previous paragraph, Maintenance of Front Axle.

EXERCISE: Answer the following question and check your response against the one 1isted at
the end of this study unit.

1. The power divider drives the axle bevel pinfons by means of a driving cage
carrying

SUMMARY REVIEW
In this study unit, you learned sbout the final drives and their purposes. You can
identify the purpose of varfous twypes of differential assembljes, axle assemb)ies, front-wheel
drives, interwheel differentials, and power dividers. You have learned how to service and
repair these component parts.
Answers to Study Unit #6 Exercises
Work Unit 6-1.
1, direction, power flow
2. hypoid gear
3. 4:1
Work Unit 6-2.

1. differences, turns, corner
2. differential case

Work Unit 6-3.

1. no

2. right

3. most
Work Unit 6-8.

1. axle assemhlies
Work Unit 6-5.

1. full-floating
2. full-floating

Work Unit 6+6.
1. companion flange
2. special lubricant
3. tm-w&d

1. trumnion

112
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Work Unit 6-8,

) R
2. interwheel

Work Unit 6.9,
1. radial wedges




AUTOMOTIVE POMWER TRAINS
Review Lesson

INSTRUCTIONS: This review lesson s desiqned to atd you in preparinq for your final exam.
You should try to complete this 1esson without the aid of reference materials, but if you do
not know an answer, look it up and remember what 1t is. The enclosed answer sheet must be
filled out according to the Instructions on its reverse side and mailed to MCI using the
envelope provided. The questions you miss will be 1isted with references on a feedback sheet
(MCT-R69) which will be mailed to your commanding officer with your final exam. You should
study the reference material for the questions you missed before taking the final exam.

A. Matching: Match the numbered items (questions 1-16) in column 1 with their corresponding
letter item in either the 11lustrations or column 2. For each ftem select ONE letter {a.
h. ¢c. or d.) to indicate your choice. Blacken the appropriate circle after the
corresponding nymber on the answer sheet.

Value: 1 point each

Questions 1-4 pertain to the figure below. Match the .lements with the corresponding
Jetter.

Column 1 Column 2
Clutch location (See $1lustration)
Transmission

Transfer assembly
Universal joints
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Questions 5-8 pertain to the fiqure below.

letter.

8.

Column I

5. Stip joints
6, Propelier shaft
7. Final drive
8. Differential

For items 9-16, match the elements with purpose.

Column 1
9, Transfer a,
10, SVip joints
110 F‘ﬂa] dr‘ve bo
12, Transmission
C.
d.
13. Differential a,
14, Clutch
15. Universals
16. Propeller shaft b,
C.
d.

Multiple Choice:
quest fon.

sheet .

Value:

1 point each

17. What are the four types of drives?

a.
b,
c.
d.

Match the alements with the corresponding

Column 2

(See $1ustration.)

Column 2

It transmits the power flow from the
propeller shaft to the differential,

It allows the propeller shaft to Yengthen
or shorten as required.

It permits power to be divided to both
front and rear propeller shafts,

It provides the mechanical advantage that
enables the engine to propel the vehicle,
and provides a selection of vehicle speeds.

It 4s the means by which the operator can
disconnect the toraue of the engine from
the power train.

It carries the torque from one place to
another.,

It permits difference in rotational speed
Of the ax]es.

If permits transfer of torque at an angle.

Select the ONE answer that BEST completes the statement or answers the
Blacken the appropriate circle after the corresponding number on the answer

Torque springs, torque transfer, torque tube, Hotchkiss reduction
Torque rods, torque springs, torque transfer, Hotchkiss double Speed
Torque rods, torque transmission, torque arms Hotchkiss drive

Torque rods, torque arms, torque tube, Hotchkiss drive




What 1S the clutch principle?

a. It provides a means of starting and stopping the engine.

h. Tt provides a means of connecting and disconnecting the enqine torque from the
clutch.

c. [t provides a means of connecting and disconnecting the enqine torque from the
power axle svstem.

d. It provides a means of connecting and disconnecting the engine torque from the
power transmission svstem.

What is one of the clutch elements?

a. Operating gears c. Cross memhers
h., Driving memhers d. Driving train

What are the clutch driving memhers?
a. C(lutch fork and levers

h. Flvwheel and housing

c. Flwheel and pressure plate

A, Pressure plate and clutch fork
What 1s a driven memher?

a. BRell housing c. Drive shaft
h., Flutch disk d. Flywheel

Which of the following 1S & clutch operating member?

a. Flwwheel C. Pressure plate
h. Transmission d. Bell housing

What is meant hv this statement about the clutch? The driven disk 1s firmly clamped
hetween the flvwheel and the pressure plate hy the pressure of the springs.

a. It 1s fullv disengaqed. c. It 1s partially disengaqed.
b. It is fullv enqaqed. d. It is partially enqaqed.

What 1s meant ahout the clutch from this statement? "When the pressure is anplied by
the throw-out bearing, the pressure plate disenqaqes from the clutch disk allowing the
clutch to come to rest",

a, It is fully enqaqed. c. It 1s fullv disenqaqed.
h. It is separated. d. It 1s lightened.

what method nf classification is used for automctive clutches?
a. According to the numher of forks and Tevers used

h. According to the number of plates and disks used

c. According to the numher of transmissions and flywheels uysed
d. According to the number of qears and hearings used

. Select the term that further classifies clutches.

3. Flwwheel and fork c. Plates and disks
h, Trounterweight and pressure d. Wet and drv

. Light to medium weight use which twe of clutch plate?

a. Single plate c. Triple plate
h. DNouble plate d. Rough plate

. Heavv weight vehicles use which twe of clutch nlate?

a. Heavv plate c. Light plate
h. Wyltiple plate d. Single plate

An increase of pressure between plates 1S accomPlished

3. bv means of counterweights, c. bv means of springs.
h. hy mesns of force levers. d. hv means of centrifuqal weights.
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32.

3.

35.

7.

38.

39,

a1,

az.

Servicing and adjustment of the clutch 1S 1imited to what?

a. Replacement of clutch 1inkage c. Clutch disk free travel adjustment
h. €Clutch hearing adjustment d. Clutch pedal free travel adjustment
Which §s NOT one of the basic tvPes of transmissions?

a. Double sprag c. Friction disk

b. Sliding gear d. Planetary

What are two types of sliuing-qear transmissions?

a. Limited slip c. Locked and interlocked

b. Progressive and selective d. Positive 2nd negative

What are the two special tvpes of transmissions?

a. Constant mesh and synchromesh c¢. Constant gear and synchrogear
b. Constant running and synchronizing d. Constant s1ip and synchroslip

What gear s used on the s1iding-gear transmission?

a. Vee tooth €. Reverse tooth

b. Bevel tooth d. Stub tooth

What s used to help prevent gear cl)ashing?

a. Synchromesh c. Synchroslip

b. Synchroclutch d. Synchrogear

Where 1S the gearshift housing located on the M151 series transmission?
a. Left side c. Top

b. Right side d. Bottom

What material is the transmission made of?

a. Cast steel c. Cast copper

b. Cast §ron d. Cast tin

A constant mesh gear CANNOT move

a. Sideways. c. up.

h. down. d. endwise.

What type of qears are usually used in a constant mesh transmission?
a. But slot gears c. Wedge gears

b. Helical gears d. Radfal gears

What is the purpose of the synchromesh transmission?

a. Permit quiet gear shifting c. Permit loud first gears
b. Permit shifting out of reverse d. permit quiet damage

What s the gear ratio of two gears with the same diameter and the same number of
teeth?

a. 0:1 c. 1:2

b. 1:1 d. 2:1

What 1s the meaning of the word “fulcrum?*

a. Support pivot c. Lever broken point

b. Lever binding point d. Lever pivot point support
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471, What 1s the result of a cmall qear driving a large gear?

a, Soeed decrease and torque increase
h, Speed decrease and torque detrease
c. Speed increase and torque increase
d. Speed {ncrease and torque decrease

44, What vehicle unit ts most 1ikely to contain worm gearing?

a, Transfer housing ¢. Transmission housing
b, Steerina gear housina d, S1ip foint housing

45, What 1s a result {n a planetarv gear svstem when the Dlanet Pinlon cage is held and
the sun qear 1S turned?

a, Speed increase c., Speed fluxuation
h, Speed decrease d. Speed Stavs the same.

4h. What are automotive power train hearings used for?

4, Support moving housings c. Subbort moving parts
h, Supoort stationarv parts d, Support clutch parts

47, Which 1s NOT a qeneral type of hall hearing?

a, Radial ¢, Thrust
b, Anqular d, Washer

48, what s the purpose of sinqle-row. radial ball bearings’

a, To provide a stoppina point

h, To provide resistance to radial loads
¢, To provide a rough surface for loads
d, To provide resistance to no loads

40, what is the purpose for selecting the proper qrade pf luhricant for bearings in an
automot ive power transmission unit?

a, To control the ooerating temperature

h, To control the oDerator's Speed

c. To control the reverse operation function
d, To control the operating function

0. What 1S the function of the transmission case?
a, To house the qears and shafts
h, To reverse the qears and Shafts
¢, To drive the gears and shafts
d, To divert the aears and shafts
&1, What is the purpose of the control cover?
a, Top replace the shifter mechanism
b, To reverse the shifter mechanism
. To house the shifter mechanism
d, To remove the shifter mechanism
7. What is rotating with the main drive qear and the input shaft?

a2, Flwvwhee) c¢. Reverse idler gear
h, Third-speed gear d. Clutch driven plate

1. What is 1in constant mesh with the main drive gear?

a, Counter shaft drive besrinas c. ldler shaft bearirqs
h, founter shaft drive qear d., First-speed qear
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what actfon s allowed by the transmission matn sha®t bearing held fn 1ine with the
input shaft by a piiot bearing at its front end?

3. The matn shaft rotates at twice the speed.

b. The main shaft rotates or comes to rest in a reverse direction.

c. The main shaft rotates twice as slow as the inpuyt shaft.

d. The main shaft rotates or comes to rest independently of the fnput shaft.
What ts the simplest type of power-takeoff?

a. Sinqle speed, single gear c. Single gear, double speed
b. Single reverse, single gear d. Double gear, single speed

If a vehicle is to rematn stationary while a transfer-mounted power-takeoff §s to be
used, what gear should the transfer be shifted into?

a. High range C. Low range
b. Reverse d. Neutra)

Which 4s NOT an ‘nspection or repair on the transmission?

a. Check gear ofl. c. Replace transmissfon.

b. Replace breather valve. d. Reffl) gear ofl.

The purpPose of the transfer assembly s to enable the to be
to both forward and rear propeller shafts.

a. wheels, stopped c. transmission, braked

b. power, divided d. qears, reversed

which §s NOT a normal characteristic of a transfer assembly?

a. Provides a means of lowering the power train

b. Permits the forward propeller shaft to clear the engine crankcase
c. It allows drive to the front wheels only.

d. It §s essentially a two-speed transmission.

Where §s the sprag unit located in the transfer?

3. Front input chaft ¢. Front output shaft
b. Rear output shaft d. Rear input shaft

What s the action of the sprag unit similar to?

a. Overrunning clutch c. Universal
b. Axle differenttal d. Transmission

What happens when a double-sprag unit fs shifted into reverse?
a. Front wheels stop when rear wheels reverse traction.

b. Front wheels drive when rear wheels lose traction.

c. Front wheels reverse when rear wheels lose traction.

d. Front wheels s1ip when rear wheels gain tractfon.

What gear must the transmission be shifted into when a vehicle using a sprag unit s
pushed backwards?

3. First C. Reverse
b. Second d. Third

what limftations of maintenance are put on the servicing and repafrs of the transfer?
a. Checking and refi1) of lubricant and fnspecting and repairs of afr Vines
b. Checking of all gears of the transfer ad replacement of gears

c. Rebutlding of the transfer case
d. Replacement of the transfer case
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RR. What is the nurpose of connecting universal foints to a propeller shaft?

a. Ta transmit power in a straight Vine
h. To transmit power to the transmission
¢. Ta transmit power 3t anqles

d. To transmit power to the hrakes

What unit consists of two vnkes and one fournal?

. Conventional universal joint

. Conyentional trunnion faint

. Conventional hall-and-socket Joint
. Conventional slip joint

a2amToe

A7. What is the specd fluctuation of a propeller shaft operating at a 30° angle to a
universal foint?

3, 75% c. 3%
h, WX d. 40%

R8. What should vou do to comPensate for sbeed fluctuations?
3. Attach the vokes in series,

b. Attach the vokes in parallel.

c. Attach the wkes in the same diameter.

d. Attach the vokes in the same Dlane.

R9, What constant-velocity joint does not use balls?

h. Constant velocity d. Conventional

In. What foint makes use of a cage to control the ball movement?

a. Bendix. Weiss ¢. Constant velocity
b, Tracta d. Rzeppa

71. If a driven shaft of a constant velocitv inint moves through an anqle of 20 deqrees,
what is the plane of driving engagement deqree?

a. 5% c. 15%
h. 10X d. 20%

77. uWhat is the device that transmits power through an anqle by means of a universal
foint and carries that power to the power train?

a. Propeller shaft ¢. Transmission
h. Transfer case d. Universal joint

73. Where is the point of torsional stress the qreatest in a drive shaft?

4. Front end ¢. Rear end
b. OQutside d. Inside

74. Why are slip foints used on proPeller shafts?

a. They allow for forward side swav.

h. They allow the amount of anqle to change.

¢. Thev allow for support of the universal foints.
d. Thev allow for telescopic 2action.

75. What seryvicing and rebPaifrs are rewuired on universal joints, probeller shafts and
slip foints?

a. No repairs required. ¢. Replacement only
h. Lubrication and replacement d. Lubrication only
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76.

77.

9,

81.

82.

83.

85.

87.

What s the purpose of the final drive?
a. To change the direction of the power flow
b. To change the direction of the engine

¢. To change the direction of the f)ywheel
d. To change the direction of the operator

What s the gear ratio, if a worm has 6 threads and the worm gear has 25 teeth?

a. 3:2 c. 4:2
b, 4:1 d. 4:3

What twe of final drive fs desfgned to lower the center of the drive gear?

a. Sour-bevel gear c. Spiral-bevel gear
b. Worm gear d. Hypoid gear

What is the purpose of the conventional differential?

a. To permit a difference in vehicle speeds when a vehicle stops

b. To permit 2 difference in wheel speeds when 3 vehicle turns a coner
c. To permit 2 reduction of speeds when 3 vehicle turns

d. To permit an acceleration of hoth tires when a vehicle turns

What unit is riveted to the fina) drive gear?

3. Universal foint c. Differential case
h. Differenttal pinfon gear d. Differenttal spider gear

When one wheel loses traction completely on 2 vehicle using 3 high-traction
differential, where would the torque be de)ivered?

a. The tractton would be lost. c. To the wheel with the traction
b. To the wheel with no tractfon d. To the front wheels

Which wheel §s the driving torque applied to when the left wheel turns faster than
the right wheel on an axle using a No-spin differenttal?

a. The left whee) c. To both wheels
b. The right wheel d. To none of the wheels

Wha: 1S the advantage gained by the use of a No-spin differenttal?

a. The torque 1s delfvered to the whee) with no traction.

b. The torque is delfvered to both wheels.

¢c. The torque 1S eliminated to the wheel with the most traction.

d. The torque is delfvered to the wneel with the most traction.

what does the term “live axle” mean?

a. The wheels are driven by the operator in reverse.

h. The wheels are not driven, but they help carry the vehicle weight.
c. The wheels are not driven by the axle bearings.

d. The wheels are driven by the axle shaft.

What type of axle shaft is holted to the wheel hub through the axle flange?

a. Semi-floating c. Live
b. Dead d. Full-floating

Which axle shaft can be removed without removing the wheel?

a. Semi-floating c. Full-floating
b. Dead akle d. Live axle

What is the spiral-bevel drive pinfon connected to the prooeller shaft by?

a. Axle shaft c. Companion flange
b. Unfversal foint d. Companion shaft
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9.

92.

93.

what do hypoid qears require because of their destqn and operation?

a, A special lubricant c. A specially trained operator
b. A specfal water coolant d, A sprciadl transmission

What tvpe of axle is referred to if a driver can select efther of twa axle ratios by
manual control?

a. Two reverse reduction axle c. two-speed operator
b. two-speed vehicle d. Two-speed axle

What are axle assemhlies of a bogie suspension joined by?

a. A slip foint c. A single axle
b. A trummfon axle d. An intermediate axle

Which tvpe of joint is ysed tn a 1ive front axle?

3. BRogie joint c. Constant-velocity joint
b. Tracta foint d. Combfnation velocity joint

How is excessive tire wear eliminated on dual wheels?
a. By use of no differential

b. By use of limited differentials

c. By use of interwheel differentials

d. By use of vniversal dffferentials

The power divider drtses the axle bevel pinions by means of a driving cage by using
what?

a. Radial wedges c. Differentials
b. Universa! joints d. Radidl thrust bearings

Total Points: 93

» * »
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